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PREFACE. 


Excerzmo those which have appeared as articlea in periodi- 
cals during tho last cight yoars, the eseays here gathorod 
together were originally re-published in separate volumes 
at long intervals. The first volume appeared in December 
1857; tho sceond in November 1863; and tho third in 
February 1874. By the timo tho original oditions of the 
first two had been sold, American reprints, differently 
entitled and having the essays differently arranged, had 
been produced; and, for economy's sake, I haye since con- 
tented myself with importing successive supplies printed 
from the American stereotype plates. Of the third 
volume, however, supplios have, as they were required, 
been printed over hore, from plates partly American and 
partly English. The completion of this final edition of 
course puts an ond to this mako-shift arrangement, 

‘The essays above referred to os having been written 
wince 1882, are now incorporated with those previously 
re-published. There arc seven of them; namely—“Morals 
and Moral Sentiments,” “Tho Factors of Organic Evola- 
tion,” “ Professor Green’s Explanations,” “The Ethics of 
Kont,” “Absolute Political Ethics” “From Froodom to 
Bondage,” and “The Americans.” As well as these largo 
sdditions there are small additions, in the shape of post- 
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scripts to various essays—one to “The Constitution of 
the Sun,” ono to “The Philosophy of Stylo,” one to 
“Railway Morals,” ono to “Prison Kthics,’” and one to 
“The Origin and Function of Music“ which last is about 
equal in length to the original essay. Changes have been 
wade in many of the essays: in some cases by omitting 
passages and in other cases by including new ones. 
Especially the essay on “The Nebular Hypothesis” may 
be named as one which, though unchanged in essentials, 
has boon much altered by additions and subtractions, and 
by bringing its statements up to date; so that it has been 
in large menaure re-east. Beyond theso respects in which 
this final edition differs from preceding editions, it differs 
in having undergone a verification of its references and 
quotations, as well as u second verlal revision. 

Naturally the fusion of three separate series of essays 
into one series, has made needful a general re-arrangement. 
Whether to follow the order of time or the ordor of 
subjects was a question which presented iteclf; and, as 
‘neither alternative promised satisfactory results, I eventually 
decided to compromise—to follow partly the one order and 
partly the other. Tho first volume is made up of essays in 
which the idea of evolution, general or special, is dominant. 
Tn the second volume essays dealing with philosophical 
qnestions, with abstmcet and concrete science, and with 
seathetics, aro brought together; but though all of them aro 
tacitly evolutionary, their evolutionism is an incidental rathor 
than a necessary trait. The ethical, political, and social 
‘essays composing the third volume, though mostly written 
from the evolution point of view, have for their moro 
immedinte purposes the enunciation of doctrines which are 
directly practical in their bearings. Meanwhile, within 
each volume the essays are arranged in order of time: nob 
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indeed strictly, but so far as consists with the requirements 
of snb-classing. 

Beyond the essays included in theso throe volumes, thoro 
remain soveral which I have not thought it well to include 
—in some cases because of their personal charueter, in othor 
cases because of their relativo unimportance, and in yob 
other cases because they would scarcely be understood in the 
absence of the arguments to which they are replies, Bat 
for the convenience of any who may wish to find them, I 
append their titles and places of publication, These are as 
follows :—“Retrogressive Beligion,” in Ihe Nineteenth 
Century for July 1884; ‘Last Words about Agnosticism 
and tho Religion of Humanity,” in The Nineteonth Century 
for November 1884; a note to Prof. Cairns’ Critique on the 
Study of Sociology, in The Fortnightly Review, for February 
1875; “A Short Rejoinder” [to Mr. J. F. McLennan], 
Fortnightly Review, Sane 1877 ; “ Prof. Goldwin Smith as » 
Critic,” Contemporary Review, March 1882; “ A Rejoinder 
to M. de Lavoleyo,” Contemporary Review, April 1885. 


Loxvox, December, 1890. 
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THE DEVELOPMENT HYPOTHESIS, 


[Originally published in The Lender, for March 20, 1852. Brief 
though i ts, I place this essay before the rest, partly because with 
the exception of a similarly-brief essay on * Use and Beauty", 
i came first in order of time, but chiefly because it came first in 
order of thought, and struck the keynote of all that was to fedlow.] 


Is a debate npon the development hypothosia, lately 
narrated to me by a friend, one of the disputanta was 
described as argaing that ax, in all our experience, wa 
know no such phenomenon as transmutation of species, it 
is unphilosophical to assume that transmutation of species 
ever takes placo. Had I been present I think that, passing 
over his assertion, which is open to criticism, I should 
haye replied that, as in all cur exporionce wo havo nover 
known a epecies created, it was, by his own showing, 
unphilosophical to assnmo that any species ever had 
‘been created. 


Those who cavalierly reject the Theory of Byolution ax 
not being adequately supported by facta, seem to forget that 
‘their own theory is supported by no facts at all. Like the 
majority of men who are born to a given belief, they demand 
tho most rigorous proof of any adverso boliof, but assumo 
that their own needs none. Here we find, scattered over 
the globe, vegetable and animal organisms namboring, of 
the one kind (according to Humboldt), somo 820,000 species, 
and of the other, some 2,000,000 species (see Carpenter) ; 
‘and if to these we add the numbers of animal and vegetable 
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species which have become extinct, wo may safely estimate 
the number of species that have existed, and are existing, 
on the Earth, at not less than fen millions. Well, which 
is the most rational theory about these ten millions of 
species? Ix it most likely that there have been ten millions 
‘of special creations ? or is it most likely that, by continual 
modifications due to change of circumstances, ten millions 
of varicties have been produced, as varieties are being 
produced still? :s 
Doubtless many will reply that they can more easily con- 
ceive ten millions of special creations to have taken place, 
than they can conceive that ten millions of varieties have 
» arisen by successive modifications. All such, however, will 
find, on inquiry, that they are under an illusion. This is 
‘one of the many cases in which men do not really believe, 
‘but rather believe they believe. It is not that they ean traly 
conceive ton millions of special croations to have taken 
place, bat that they think they ean do so. Careful intro- 
spection will show them that they have never yet realized 
to themselves the creation of even ona species. If they 
have formed a definite conception of the process, let them 
doll us how a new species is constructed, and how it makes 
ats nppearance. Is it thrown down from tho clouds? or 
must we hold to the notion that it struggles up out of the 
ground? Do its limbs and viscera rush together from all 
the points of the compass? or must we receive tho old 
Hebrew idea, that God takes clay and moulds a new 
creature? If they sy that a new creature is produced in 
none of these modes, which are too absurd to be believed, 
‘then they are required to describe the mode in which a new 
ereature may be produecd—a mode which doca not scem 
absurd; and such a modo thoy will find that they noithor 
have concsived nor can conceive. 
Should tho believers in special creations consider it unfair 
thus to call upon them to describe how special creations 
take place, I reply that this is far less than they dewand 





‘us how this may take place; but they eay—Show us how 
‘this does tako place. So far from its being unronsonable 
to put the above question, it would be reasonable to ask 
not only for a posrible mode of special creation, but for an 
ascertained mode; seeing that this is no greater a demand 
than they make upon their opponents. 

And here we may perceive how much more defensible 
the new doctrine is than the old one. Even could the sup- 
porters of the Development Hypothesis moroly show that 
the origination of spociea by the procoas of modification is 
conesivable, they would be in a better position than their 
opponents. But thoy can do much moro than this. They 
can show that the process of modification has effected, and 
ix effecting, decided changes in all organixms subject to 
modifying influences. Though, from the impossibility of 
getting at a sufficiency of facts, they are unable to trace the 
many phoses through which any existing species bas passod 
in arriving ot its present form, or to identify the influences 
which caused the successive modifications; yot, they can 
show that any oxisting species—animal or vegetablo—when 
placed under conditions different from its previous ones, 
tomediately begins to undergo certain changes fitting it for 
the new omiditions. They can show that in successive 
generations there changes continue; until, ultimately, the 
‘new conditions become the natural ones. They can show 
that in cultivated plants, in domesticated animals, and in 
the several races of mon, such alterations have taken placo. 
‘They can show that the degrees of difference so produced 
Lee ax in dogs, greater than those on which distinctions 

species are in other cases founded. They can show that 
ftixn matterof dispute whether some of these modified forms 
‘re Varieties or separate species. ‘They can show, too, that 





the changes daily taking placo in onrselvos—the facility 
__thnt attends long practice, and the loss of aptitude that 
when practic ceases—the strengthening of passions 
habitually gratified, and the weakening of those habitually 
thed—the development of every faculty, bodily, moral, 
"or intellectual, according to the use made of it—are all 
explicable on this same principle. And thas they can show 
that throughout all organic naturo there i at work a 
modifying influence of the kind they nzeign as the cause of 
these specific differences: an influence which, though slow 
in its action, doos, in time, if the circumstances demand it, 
produce marked changes—an inflaence which, to all appear= 
ance, would produce in the millions of years, and under 
the great varicties of condition which geological records 
imply, any amount of change. 

Which, thon, is tho most rational hypothesis ?—that of 
special creations which has neither a fact to support it nor 
ix even definitely conceivable; or that of modification, 
which is not only definitely conceivable, but is countenanced 
by the habitudos of every existing organism t 

‘That by any series of changes a protozoon should ever 
becomes @ mammal, seems to those who are not familiar 
with zoology, and who have not scen how clear becomes the 
relationship botweon the simplest and the most complex 
forms when intermodiate forms are examined, a very gro- 
tesque notion. Habitually looking at things rather in their 
statical aspect than in their dynamical aspect, they never 
realize the fact that, by small increments of modification, 
any amount of modification may in time be gencrated, 
‘That surprise which thoy fool on finding one whom they 
last saw as a boy, grown into a man, becomes incredulity 

- when the degree of change is gronter. Novertheless, 
abendant instances ure at hand of the mode in which we 
may pass to the most diverse forms by insensible gradations. 

the matter some time since with a learned pro- 
fessor, I illustrated my position thus:—You admit that 


_— oe 
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there is no spparent relationship between a circle and an 
hyperbola. The one isa finite carve ; the other ix nn infinite 
one. All parts of the one are alike; of the other no parts 
are alike [save parts on its opposite sides]. ‘The one incloses 
‘a space; the other will not inclose a space though produced 
for ever. Yet opposite as are these curves in all their 
proportios, they may bo connoctod together by o serica of 
intermediate carves, no one of which differs from the 

‘ones in any appreciable degree. Thus, if a cone 
‘be cut by a plane at right angles to its axix we got acirclo. 
Tf, instead of being perfectly at right angles, the plane 
subtends with the axis an angle of 89° 59', we have an 
ellipse which no human eye, even whon aided by an accurate 
pair of compasses, can distinguish from o circle. Deorens~ 
ing tho anglo minuto by minuto, the ollipee becomes first 
perceptibly eccentric, then manifestly eo, and by and by 
sequires so immensely elongated a form, as to bear no 
recognizable resemblance to a circle. By continuing this 
process, the ellipse pawes insensibly into a parabola; and, 
‘altimately, by still farther diminishing the angle, into an 
hyperbola. Now here we have four different species of 
eurve—circle, ellipse, parabola, and hyperbola—each having 
its poculior properties and ita separate equation, and tho 
first and last of which aro quite opposite in nature, connected 
togothor as mombers of one series, all producible by a singlo 
process of insensible modification. 

Bat the blindness of thoxe who think it absurd to suppose 
that complex organic forms may have arisen by successive 
modifications out of simple ones, becomes astonishing when 
We remember that complex organio forms ore daily being 
thus produced. A tree differs from s sood immoasurably 
in every respect—in bulk, in structure, in colour, in form, 
in chomical composition : differs so groatly that no visible 
resemblance of any kind can be pointed out between them, 
‘Yet is the one changed in tho course of » few years into 
‘the othor: changed so gradually, that at no moment can 


it bo said—Now tho sood conves to be, and the tree exists. 
What can bo moro widely contrasted than a newly-born 
child and tho emall, somi-transparenb spherule constituting 
the human ovum’ ‘The infant is so complex in structure 
that a eyolopiia is neoded to doscribe ita constitacnt 
ports, Tho gorminal vouicle is so simplo that it may bo 
defined in w line, Nevertheless a few months suffice to 
develop the one ont of the other; and that, too, by a 
verivs of modifications so small, that were the embryo 
oxaminod ab awcoossive minutes, evon a microscope would 
with diMoulty disclose any sonsiblo changes. That the 

| Wneducatod and the ill-oduonted should think the hypothesis 

} that all racwn of beings, wan inclusive, may in process of 
time have been evolved from tho simplest monad, a ladicrous 
ane, is not to bo wondorod at. But for the physiologist, - 
who knows that every individual being és s0 evolved—who . 
knows, further, that in their earliest condition the germs 
of all plants and animals whatever are so similar, “that 
thore is no appreciable distinction amongst them, which 
would enable % to be determined whether a particular 
molecule is the germ of a Conferva or of an Oak, of a 
Zoophyte or of 4 Man;”*—for him to make a difficulty of 
the matter is inexoumble. Surely if a single cell may, 
when subjected to certain influences, become a man in the 
apace of twenty years; there is nothing sbsurd in the 
hypothesis that under certain other infiwonces, a cell may, 
fm the couree of millions of years, give erigin to the 
daman reco, 

We bave, indeod, in the part taken by many scientife 
tom ie this controversy of “ Law nersas Miracle,” a good 
‘Mhustration of the teuacious vitality of superstitions Ask 
one of cur leading geologists or physiologists whether be 
betioves ta the Mosace account of the creation, and he will 
take the question asnens to un insult. Either be rejects the 
uasmative entirely, or andvrsinnds it in sme ragee nos- 
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natural sense. ‘Yet one part of it he unconsciously adopts ; 
and that, too, literally. For whence has he got this notion 
of “special creations,” which he thinks so reasonable, and 
fights for so vigorously? Bvidently be can trace it back 
to no other source than this myth which he repudiates. 
He has nots single fact in nature to cite in proof of it; 
nor is he prepared with any chain of reasoning by which it 
may bo established. Catechize him, and he will be forced 
to confess that the notion was put into his mind in child- 
hood as part of a story which he now thinks absand, And 
why, after rejecting all the rest of the story, he should 
strenuously defend this last remnant of it, as though he 
had received it on valid authority, he would be puzsled 
to say. 
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[Firat published in The Westminster Review 
Though the ideas and iwetrations contained 
eventually incorporated in First Principles, yot I think it well 
here to reproduce i as exkibiting the form under which the General 
Doctrine of Evolution made its first appearance.) 





‘Tue current conception of progress is shifting and 
indefinite. Sometimes it comprehends little more than 
simple growth—as of a nation in the number of its members 
and the extent of territory over which itspreads. Sometimes 
it has reference to quantity of material products—as when 
the advance of agriculture and manufactures is the topic, 
Sometimes the superior quality of these products is con- 
templated ; and sometimes the new or improved appliances 
by which they aro produced. When, again, we speak of 
moral or intellectual progress, wo refer to states of tho 
individual or people exhibiting it; while, when the progress 
of Scionco, or Art, is commented upon, we have in view 
certain abstract results of human thought and action, Not 
only, however, is tho current conception of progress more 
or loss vaguo, but it is in groat measure erroncous. It 
takes in not so much the reality of progress as its accom- 
paniments—not so much the substance as the shadow. 
That progress in intelligence seen during the growth of 
the child into the man, or the savage into the philosopher, 
is commonly regarded as consisting in the greater number 











of facts known and laws understood; whereas tho actual 
in those internal modifications of which 
‘knowledge is the expression. Social progress 
‘is supposed to consist in the making of » greater quantity 
and variety of the articles required for satisfying men’s 
wants; in the increasing secarity of person and-property ; 
in widening freodom of action; whoreas, rightly understood, 
social progress coneista in thovo changes of etracturo ia Uo 
social ong: “entailed-these- consequences 
current conception isa teleological one. The pheno- 
mena are contemplated solely as bearing on human 
happiness. Only those changes are held to constitute 
progress which directly or indirectly tend to heighten 
human happiness; and they are thonght to constitute 
progress simply because they tend to heighten human 
happiness. Bat rightly to understand progress, wo must 
learn tho nature of thoso changes, considered apart from 
our interests. Ceasing, for example, to regard the suc- 
ossive geological modifications that have taken place in 
the Earth, as modifications that have graduslly fitted it for 
the habitation of Man, and as therefore constituting geo- 
logical progress, we must ascertain the character common 
to these modifications—the law to which they all conform. 
And similarly in every other case. Leaving out of sight 
concomitants and beneficial consequences, let us ask what 
‘progress is in itself. 
In respect to that progress which individual organisms 
in the course of their evolution, this question has 
been answered by the fiermans. ‘The investigations of 
Wolff, Gocthe, and von Bacr, have established the trath 
that the series of changes gone through during the develop- 
‘ment of a seed into « tree, or an ovum into an animal, 
‘constitute an advance from homogencity of structure to 
hoterogencity of structure. In ite primary stage, every 


o£ m substance that is uniform throughout, 
| UE eaten ct: chemal ccenpeetion ‘The first step 
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is the appearance of a difference betwoon two parts of this 
substance ; or, as the phenomenon ie called in physiological 
languaye, a differentiation, Each of these differentiated 
divisions presently begins itself to exhibit some contrast 
of parts: and by and by these secondary differentiations 
become as definite as the original one. This process is 
continuously repeated—is simultaneously going on in all 
parts of the growing embryo; and by endless such differen- 
tiations there is finally produced that complex combination 
of tissues and organs constituting tho adult animal or 
plant. ‘his is the history of all organisms whatever. It 
is settled beyond dispute that organic progress consists in 


—_® change from the homogeneous to the heterogeneous, 


Now, we propose in the first place to show, that this law 
of organic progress is the law of all progress, Whether it 
bo in the development of the Earth, in the development of 
Life upon its surface, in the development of Society, of 
Government, of Manufactures, of Commerce, of Language, 
Literature, Science, Art, this same evolution of the simple 
into the complex, through successive differentintions, holds 
throughout. From the earliest traceable cosmical changes 
down to the latest results of civilization, wo shall find that 
the transformation of the homogeneous into the hetero- 

i, is that in which progress essentially consists. 

With the view of showing that jf the Nebular Hypothesis 
‘be true, the genesis of tho solar system supplies one illas- 
tration of this law, let uz assume that the matter of which 
the sun and planets consist was once in a diffused form; 
and that from the gravitation of its atoms there resulted a 
gradual concentration. By the hypothesis, the solar system 
in its nascent state existed ns an indefinitely extended 
and nearly homogeneous medium—a medium almost homo- 

in donsity, in temperature, and in other physical 
attributes, ho first change in the direction of increased 
aggregation, brought a contrast in donsity and a contrast 
in temperatare, between the interior and tho exterior 
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of this mass. Simultaneously the drawing in of outer 
parts caused motions ending in rotation round # contre 
with various angular velocities, These differentiations 
increased in number and degree until there was evolved 
tho organized group of sun, plancts, and satellites, which 
‘we now know—a group which presents numerous contrasts 
of structure and action among its members. Thoro aro 
‘the immense contrasts betwoen the sun and the planets, in 
balk and in weight; a3 well as the subordinate contrasts 
between one planct and another, and between tho planets 
and their satellites. There is the similarly-marked contrast 
the sun as almost stationary {relatively to the 
anombers of the Solar System), and the planets ax 
‘moving round him with great velocity : while there are tho 
secondary contrasts betwoon tho velocities and poriods of 
the several planets, and between their simple revolutions 
and the double ones of their satellites, which have to move 
round their primaries while moving round the sun, There 
fix the yet further strong contrast between the sun and 
the plancts in respect of tomperature; and there is good 
reason to suppose that the planets and satellites differ from 
each other in their proper heats, ag well as in the amounts 
‘of heat they receive from tho sun. Whon wo boar in mind 
that, in addition to thoee various contrasts, the planets and 
Satellites also differ in respect to their distances from each 
other and their primary; in respect to the inclinations of 
their orbite, the inclinations of their axes, their times of 
rotation on their axes, their specific gravities, and their 
constitutions 5 we see what a high dogroe of 
the solar system oxhibits, when compared 
with ‘the almost complete homogeneity of the nebulous 
Ente out of which it is supposed to have originated. 
from this hypothetical illustration, which mast be 
taken for what it is worth, without prejudice to the general 
lob us descend to a moro certain order of 
It is now generally agreed among geologists 
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and physicists that the Earth was at ono time a mass 
of molten matter. If eo, it was at that time rolatively 
homogenoons in consistence, and, in virtue of the circu- 
lation which takes place in heated finids, mast have been 
comparatively homogeneous in temperature ; and it must 
have been surrounded by an atmosphere consisting 
partly of the clements of air and water, and partly of 
those various other elements which are among the moro 
ready to assume gaseous forms at high tomperatures. That 
slow cooling by radiation which is still going on at an 
inappreciable rate, and which, though originally far more 
rapid than now, necessarily required an immense time to 
produce any decided change, must ultimately have resulted 
in the solidification of the portion most able to part with its 
hest—namely, the surface. In the thin crust thus formed 
we have the first marked differentiation. A atill further 
cooling, @ consequent thickening of this crust, and an 
necompanying deposition of all eolidifiable elements con- 
tained in tho atmosphere, must finally have been followed 
by the condensation of the water previously existing as 
vapour. A second marked differentiation must thas have 
arisen ; and as the condensation must have taken place on ' 
tho coolest parts of the surfacc—namely, about the poles— 
there musb thus have resulted tho first goographical 
distinction of parts. To these illustrations of growing 
hoterogoncity, which, though deduced from known physical 
laws, may be regarded as mom or less hypothetical, 
Geology adds an extensive series that have been inductively 
established. Investigations show that the Earth has been 
continually becoming more heterogencous in virtue of the 
multiplication of sedimentary strata which form ite crust ; 
‘also, that it has been becoming more heterogencous in 
reapect of the composition of these strata, tho later of 
which, being made from the dotritus of the earlier, are 
aany of them rendered highly complex by the mixture of 
materials they contain; ond further, that this heterogeneity 
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‘has beon vastly increased by tho actions of the Earth’s still 
molten nuclous npon its envelope, whence haye reaulted not 
only many kinds of igneous rocks, but the tilting up of 
sedimentary strata at all angles, the formation of faults and 
metallic veins, the production of endless dislocations and 
irregularities. Ycb again, geologists teach us that the 
Earth's surface has been growing more varied in elevation 
_—that the most ancient mountain systems are the smallest, 
and tho Andes and Himalayas the most modern; while in 
‘all probability there have been corresponding changes in 
the bed of the ocean. As a consequence of these ceasoless 
differentiations, we now find that no considerable portion 
of the Earth's exposed surface is like any other portion, 
either in contour, in geologic structure, or in chemical 
composition; and that in most parts ib changes from mile 
to mile in all these characters. Moreover, there has been 
simultaneously going on differentiation of climates. As 
* fastas the Earth cooled and its crust solidified, there arose 
able differences in temperature between those parts 

of its eurface more exposed to the sun and those less 
exposed. As the cooling progressed, these differences 
became more pronounced ; until there finally resulted those 
marked contrasts between regions of perpetual ice and 
sn0W, regions where winter and summer alternately reign 
for periods varying according to the latitude, and regions 
wherosummer follows summor with scarcely an appreciable 
variation. At tho samo time the many and varied 
elevations and subsidences of portions of the Earth's crust, 
bringing about tho prosont irregular distribution of land 
and sea, have entailed modifications of climate beyond those 
dependent on latitude; while a yet further series of such 
modifications have been produced by increasing differences 
of clovation in tho land, which have in sundry places 
brought arctic, temperate, and tropical climates to within 
‘a fow miles of one another. And tho general outcome of 
‘these changes is, that not only has every extensive region 
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its own metecrologic conditions, but that every locality in 
ench region differs more or lesa from others in thoso 
conditions; as in its structure, its contour, its soil. ‘Thus, 
between our existing Earth, the phenomona of whose crust 
neither geographers, geologists, mineralogists, nor meteoro- 
logists have yet enumerated, ad the molten globe out 
of which it was evolved, tho contrast in heterogeneity 
is extreme, 

When from the Earth itself we turn to the plants and 
animals which have lived, or still live, upon its surface, 
we find ourselves in some difficulty from lack of facts. 
Thatevery oxisting organism has been developed out of tho 
simple into the complex, is indeed the first established truth 
of all; and that every organism which existed in past times 
was similarly developed, is an inference no physiologist 
will hesitate to draw. But when we pass from individual 
forms of life to Life in general, and inquire whether the 
same law is soen in tho ensemble of ite manifostations,— ~ 
whether modern plants and onimals are of moro hetero- 
foneous structuro than ancient ones, and whether the 
Earth’s present Flora and Fauna are more heterogeneous 
than the Flora and Fauna of the past,—we find the 
evidenoo 60 fragmentary, that every conclusion is open to 
dispute. ‘Three-fifths of the Barth’s surface being covered 
by water; s great part of the exposed land being inacces- 
sible to, or untravelled by, tho goologist; the greater part 
of the remainder having been ecarcely more than glanced 
at; and even tho most familiar portions, as England, having 
‘been so imperfectly explored that a new series of strata 
has been added within these four years —it is impossible 
for us to say with certainty what creatures have, and what 
have nob, existed at any particular period. Considering the 
perishable nature of many of the lower organic forms, 
the metamorphosis of numerous sedimentary strata, and 
the great gaps occurring among the rest, wo shall see 
farther reason for distrusting our deductions, On the 
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one hand, the repeated discovery of vertebrate remains 
in strata previously supposed to contain none,—of reptiles 
where only fish were thought to exist,—of mammals where 
it was believed there were no creatures higher than reptiles, 
—renders it daily more manifest how small is the value of 
negative evidence, On the other hand, the worthlesaness 
of the assumption that we have discovered the earliest, or 
anything like the carliost, organic remains, is becoming 
equally clear. That the oldest known sedimentary rocks 
have been greatly changed by igneous action, and that 
still older ones havo been totally transformed by it, is 
‘becoming undeniable. And the fact that sedimentary 
strata earlier than any we know, have been melted up, being 
admitted, it must also be admitted that we cannot say how 
far back in time this destruction of sedimentary strata has 
‘boon going on, Thus tho title Paleoroic, as appliod to 
the earliest known fossiliferove strata, involves a potitio 
principit ; and, for aught wo know to the contrary, only 
the last fow chapters of the Rarth’s biological history may 
have come down tous, On neither side, therefore, is the 
evidence conclusive. Nevertheless we cannot but think 
that, scanty as they are, the facts, taken altogether, tend to 


has advanced. Let ns cite, in illustration, the one ense of 
‘the Vertebrata. ‘he eurliest known vertebrate remains are 


tiles. Later still, and more heterogenoous still, are Birds 
and Mammals. If it be said that the Palwozoic deposits, 
not being estuary deposits, are not likely to contain the 
rominins of terrestrial vertobrata, which may novertheless 
have existed at that era, we reply that we are merely 
lending facts, euch ax they are. But to 
avoid any os criticism, let as tako the mammalian sub- 


et 
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division only. The earliest known remains of mammals 
are those of small marsupials, which are the lowest of the 
mammalian type; while, conversely, the highest of the 
mammalian type—Man—is the most recent. The evidence 
that the yortebrato fauna, a3 a whole, has becomo moro 
heterogeneous, is considerably stronger. To the argument 
that the vertebrate fauna of the Palmosoic period, consisting, 
80 far as we know, entirely of Fishes, was less hetero- 
geneous than the modern vertebrate fauna, which includes 
Reptiles, Birds, and Mammals, of maltitudinous genera, it 
may be replied, as before, that estuary deposits of the 
Palmwozoic period, could we find thom, might contain other 
ordors of yertobrata. But no such reply can bo mado to 
the argument that whereas the marine vertebrata of the 
Paleozoic period consisted entirely of cartilaginous fishes, 
the marine vertebrata of later periods include numerous 
genera of osseous fishes; and that, therefore, the later 
marine vertebrate faunas are more heterogeneous than the 
oldest known one. Nor, again, can any such reply be 
made to the fact that there are far more numerous orders 
and genera of mammalian remains in tho tertiary forma- 
tiona than in the secondary formations. Did we wish 
morely to make out the best, case, we might dwell upon the 
opinion of Dr. Carpenter, who says that “the general facts 
of Paleontology appear to sanction the belief, that the same 
plan may be traced out in what may bo called the genoral 
life of the globe, as in the individual life of every ono of 
the forms of organized being which now people it.” Or 
we might quote, as docisive, the judgment of Professor 
Owen, who holds that the earlier examples of each group 
‘of creatures severally departed less widely from archetypal 
erality than the later examples—were severally less 
unlike the fundamental form common to the group as a 
whole; and thus constitated g Jess heterogencous group 
pf creatures. But in deforence to an authority for whom 
wo have the highest respect, who considers that the 
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evidence ab present obtained does nob justify a verdict 
‘either way, we are content to leave the question open.* 
Whether an advance from the homogeneous to the 
is or i not displayed in the biological 
history of the globo, it is clearly enough displayed in the 
progress of the latest and most heterogeneous creature— 
‘Man. It is teue alike that, daring the period in which the 
Earth bas been peopled, the human organism has grown 
more heterogencous among the civilized divisions of 
the species; and that the species, as a whole, has been 
growing more heterogeneous in virtue of the multiplication 
of races and the differentiation of these races from each 
other. In proof of the first of these positions, we may cite 
tho fact that, in tho relative dovelopmont of the limba, tho 
civilized man departs more widely from the general type 
of the placental mammalia than do tho lower human races. 
While often possessing well-developed body and armas, the 
Australian has very small legs: thos reminding us of the 
chimpanzee and the gorilla, which present no great con- 
trasts in size between the hind and fore limbs. But in the 
European, the greater length and massiveness of the legs 
have become markod—tho fore and hind limbs are more 
Again, the greater ratio which the cranial 
bones bear to the facial bones illustrates the same truth. 
Among the vertobrata in general, progress is marked by 
an increasing heterogenvity in the vertebral column, snd 
tore especially in the segments constituting the skull: the 
higher forms being distinguished by the relatively lacgor 
size of the bones which cover the brain, and the relatively 


* Sinos thin waa written (in 1857) the advance of paleontological dis 
Gorery, expecially in America, hus shown conclusively, in respect of certain 
groups of vertebrates, that highor types have arisen by modifications of 
dower; 90 that, in common with others, Prof. Haxiey, to whom the abore 
‘allssion is made, now admits, or mnthor asserts, biological progrosaion, and, 
byimplication, ths there have arisen more heterogeneous organic forme and 
‘a more hotesogeneous assamblage of organic forms. 
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smaller size of those which form the juws, &e. Now this 












charactoristic, which is stronger in Man than in any other 
creature, is stronger in the European than in the savage. 
Moreover, judging from the greater extent and variety of 
faculty he exhibits, we may infer that the civilized man 
has also a more complex or heterogeneous nervous system 
than the uncivilized man: and, indeed, the fact is in part 
visible in the increased ratio which his cercbram bears to 
the subjacent gunglia, as well as in the wider departure 
from symmetry in its convolutions. If further elucidation 
‘be needed, we may find it in every nursery. The infant 
European has sundry marked points of resemblance to the 
lower human races; as in the flatness of the ale of the 
nose, the depression of its bridge, the divergence and 
forward opening of the nostrils, the form of the lips, the 
absence of a frontal sinus, the width between the eyes, the 
smallness of the legs. Now, as the developmental process 
by which these traite are turned into those of the adult 
European, is a continuation of that change from the homo- 
geneous to the heterogeneous displayed during the previous 
evolution of the embryo, which every anatomist will admit 
it follows that the parallel developmental process by which 
the like traits of the barbarous races have been turned 
into those of the civilized races, has also been a continua- 
tion of the change from the homogencous to the hotero- 

‘The trath of the second position—that Mankind, 
asa whole, have become more heterogeneous—is so obvious 
as scarcely tonced illustration. Every work on Ethnology, 
by its divisions and subdivisions of races, bears testimony 
to it, Even were we to admit the hypothesis that Man- 
kind originated from sovoral separate stocks, it would still 
yomsin true, that as, from each of thoso stocks, thero 
‘have sprung many now widely-different tribes, which are 
proved by philological evidence to have had a common 
origin, the race 3 whole is far less homogeneous than it- 
once” : 
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Americans, sn example of a new varioty arising within 
these few generations; and that, if we may trust to the 
descriptions of observers, we are likely soon to have 
avother such example in Australia. 

On passing from Humanity under its individual form, to 
Humanity as socially embodied, we find the general law 
‘still more variously exemplified. The change from tho 

to the heterogeneous ia displayed in the 
Progress of civilization as a whole, as well as in the 
progress of every nation; and is still going on with 
increasing rapidity. As we sco in existing barbarous 
‘tribes, society in its first and lowest form isa homogeneous 
of individuals having like powers and like 
+ the only marked difference of function being 
that which accompanies differonce of sex. Every man 
da warrior, hunter, fisherman, tool-maker, builder; every 
woman performs the same drndgeries. Very early, 
‘however, in the course of social evolution, there arises 
‘Bn incipient differentiation between the governing and tho 
Some kind of chieftainship seems coeval with 
the first advance from the stato of scparate wandering 
families to that of a nomadic tribe. Tho authority of 
the strongest or the mest canning makes itself felt among 
body of savages as in a hord of animals, or a posse of 
At first, however, it is indefinite, uncertain; 
is shared by othors of scarcely inferior power; and is 
ied by any difference in occupation or style of 
living: the first ruler kills his own game, makes his own 
‘weapons, builds his own hut, and, economically considered, 
oon not differ from others of his tribe. Gradually, as tho 
tribe progresses, the contrast between the governing and 
the governed grows more decided. Supreme powor 
becomes hereditary in one family; the head of that family, 
‘ceasing to provide for his own wants, is served by others ; 
‘and he begins to assume the sole office of ruling. At tho 
game time there has been arising » co-ordinate species of 
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government—that of Religion. As all ancient rocords and 
traditions prove, the earliest rulers are regarded as divine 
personages. The maxims and commands thoy ultered 
during their lives are held sacred after their deaths, and 
“are enforced by their divinely-descended successors; who 
in their tarns are promoted to the pantheon of the race, 
hero to be worshipped and propitiated along with thoir 
predecessors: the most ancient of whom is the supreme 
god, and the rest subordinate gods. For a long time 
these connate forms of government—civil and religions— 
remain closely associated. For many generations the king 
continues to be the chief priest, and the priesthood to be 
members of the royal race. For many ages religious law 
continues to include more or less of civil regulation, and 
civil law to possess more or less of roligious sanction; and 
even among the most advanced nations these two controlling 
agencies are by no means completely separated from each 
other, Having a common root with these, and gradually 
* diverging from them, we find yet another controlling 
agency—that of Cercmonial usages. All titles of honour 
are originally the names of the god-king; afterwards of 
the god and the king ; still later of persons of high rank ; 
and finally come, some of thom, to be used between man 
and man. All forms of complimentary address wero at 
first the expressions of submission from prisoners to their 
conqueror, or from subjects to their ruler, either human or 
divine—expressions which were afterwards used to propitiate 
subordinate authorities, and slowly desconded into ordinary 
intercourse. All modes of salutation were once obeisaners 
made before the monarch and used in worship of him after 
his death. Presently others of tho god-descended raco 
were similarly saluted; and by degrees some of the 
salutations have become the due of all.* Thus, no sooner 
does the originally-homogencous social mass. differentiato 


“© For detailed prosf of those sasertions seo essay on * Manvers and Fachion." 
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into the governed and the governing parts, than this last 
exhibits an incipient differentiation into religions and 
secular—Church and State; while at the same time there 
begins to be differentiated from both, that less definite 
species of government which rules our daily intercourse— 
& species of government which, as we may see in heralds’ 
colleges, in books of the peorage, in masters of ceremonies, 
is not without a certain embodiment of its own. Each of 
thoes is itself subject to successive differentiations. In the 
course of ages; there arises, as among ourselves, a highly 
complex political organization of monarch, ministers, lords 
and commons, with their subordinate administrative depart- 
meats, courts of justice, revenue offices, &c., supplemented 
in the provinces by municipal governments, county govern- 
ments, parish or union governments—all of them more or 
Tess elaborated. By its side there growa up a highly 
complex religious organization, with its various grades of 
officials, from archbishops down to sextons, its colleges, 
conyocations, ecclesiastical courts, &e.; to all which must 
bo added tho evor-multiplying independent sects, euch with 
its general and local authorities. And at the same time 
there is developed a highly complex aggreyation of customs, 
manners, and temporary fashions, enforced by society at 
Targe, and serving to control those minor transactions 
between man and man which aro not regulated by civil 
and religious law. ‘or, it ia to be observed that this 
increasing ity in the governmental appliances of 
each nation, has been accompanied by an increasing 
in the assemblage of governmental appliances 

different nations: all nations being more or less unlike 
their political systems and legislation, in their creeds and 
religious institations, i in their customs and ceremonial usages, 
Simultaneously thoro has been going on a second 
differentiation of a moro familiar kind; that, namely, by 
ch the mass of tho community has been segregated 
‘distinct oluzses and orders of workers. While the 
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governing part has undergone the complex dovelopment 
abore detailed, the governed part has undergone an 
equally complex development, which has resulted in that 
minute division of labour characterizing advanced nations. 
It is noodloss to trace out this progress from ita first stagos, 
up through the casto-divisions of the Kast and the incor- 
porated gailds of Europe, to the elaborate producing and 
distributing organization existing among ourselves. It 
has been an evolution which, beginning with a tribe whose 
members severally perform the same actions each for 
himself, onds with o civilized community whose mombers 
severally perform different actions for each other; and an 
evolution which baz transformed the solitary producer of 
any one commodity into a combination of producers who, 
united under # master, take separate parts in the manus 
fucture of such commodity. But there are yet other and 
higher phases of this advance from the homogeneous to the 
heterogencons in the industrinl organization of socicty. 
Long after considerable progress has been made in tho 
division of labour among differont classes of workers, thero 
is still little or no division of labour among the widely 
separated parts of the community: tho nation continues 
comparatively homogeneous in the respect that in each 
district the same oceupationa are pursued. But when 
roads and other means of transit become numerous and 
good, the different districtx begin to assume different 
fanctions, and to become mutually dependent. The calico 
manufacture locates itself in this county, the woollen-cloth 
manufacture in that; silks are produced here, lace thore; 
stockings in one place, shoes in another; pottery, hardware, 
entlery, come to haye their special towns; and ultimately 
every locality becomes more or less distinguished from tho 
reat by tho leading oceupation earried on in it, ‘This sub- 
diyieion of fanctions shows itself not only among the different 
parts of the same nation, but among different nations, 
‘That exchange of commod ties which free-trade is increasing 


lll 
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so largely, will ultimately havo the effect of specializing, 
in @ greater or less degree, the industry of each people. 
So that, beginning with » barbarous tribe, almost if not 
quite homogencous in the functions of its members, the 
progress has been, and still is, towards an economic 
aggregation of the whole human raco; growing over more 
heterogeneous in respect of the separate functions assumed 
by separate nations, the separate functions assamed by tho 
local sections of each nation, the separate functions assumed 
by the many kinds of makers wnd traders in each town, and 
the separate functions assumed by the workers united in 
producing cach commodity. — 

‘The law thus clearly exemplified in the evolution of the 
social organism, is exemplified with equal clearness in the 
evolution of all products of human thought and action; 
whether concrete or abstract, real or ideal. Let us take 
Language as our first illustration. 

Phe lowest form of language ix the exclamation, by 
which an entiro idea is vaguely conveyed through a single 
sound, as among the lower animals, That human language 
ever consisted solely of exclamations, and so was strictly 
homogencous in respect of its parte of speech, we have no 
evidence, But that language can be traced down toa form in 
which nouns and verbs are its only elements, is an estab- 
lished fact. In the gradual multiplication of parts of speech 
out of these primary ones—in the differentiation of verbs 
into active and passive, of nouns into abstract and concrete 
—in the rise of distinctions of mood, tense, person, of 
member and case—in the formation of auxiliary verbs, of 
adjectives, adverbs, pronouns, prepositions, articlos—in the 

‘of those ordem, genera, specios, and varieties of 
parts of epouch by which civilized races express minuto 
modifications of meaning—we see a change from the homo. 
geneous to the heterogeneous. Another aspect under 
which we may trace the development of language is the 
divergence of words baving common origins, Philology 
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early disclosed the truth that in all languages words may be 
grouped into families, the mombers of cach of which are 
allied by their derivation. Names springing from a primi- 
tive root, themselves become the parents of other names 
still farther modified. And by the aid of those systematic 
modes which presently arise, of making derivatives and 
forming compound terms, there is finally developed a 
tribe of words so heterogeneous in sound and meaning, 
that to tho uninitiated it seems incredible they should be 
neorly related. Meanwhile from other roots thero are 
being evolved other such tribes, until thore results a 
language of some sixty thousand or more unlike words, 
signifying as many unlike objects, qualities, acts. Yet 
another way in which language in general advances from 
the homogeneous to the heterogeneous, is in the multiplicn- 
tion of languages. Whether all languages have grown 
from one stock, or whether, as some philologists think, they 
lave grown from two or more stocks, it is clear that sinco 

) sarge groups of languages, as the Indo-European, are of 
one parentage, thoy have become distinct through a process 
of continuous divergence. Tho same diffusion over the 
Farth’s surface which has led to differentiations of race, 
has simultaneously led to differentiations of speech: a 
trath which we sce further illusteated in cach nation by 
tho distinct dialocts found in separate districts. Thus the 
progres of Language conforms to the general law, alike in 
the evolution of Iangeuages, in the evolution of familios of 
‘words, and in the evolution of parts of speech. 

‘On passing from spoken to written language, we como 
‘upon several classes of facts, having similar implications, 
Written language is connate with Painting and Sculpture; 
and at first all three are appendages of Architecture, and 
have a direct comnection with the primary form of all 

theocratic. Merely noting by the way 
the fact that sundry wild races, as for example the Austra- 
Bans and the tribes of South Africa, are given to depicting 
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personages and events upon tho walls of caves, which are 
probably regarded as sacred places, let us pass to the cuso 
of the Egyptians. Among them, as also among the 
Assyrians, we find mural paintings used to decorate the 
temple of the god and the palace of the king (which wore, 
ae originally identical) ; and as such they were govern- 

amental appliances in the same sense as state-pageants 
and religions fensts were. They were governmental 
appliances in another way: representing as they did the 
worship of the god, the triumphs of the god-king, tho sub- 
‘mission of his subjects, and tho punishment of tho rebellious. 
Further, they were governmental, a being the products 
‘of an art reverenced by the pooplo as a sacred mystery. 
From the habitual ose of this pictorial representation 
there grew up the but-slightly-modified practice of picture- 
writing—a practice which was found still extent among 
North American peoples ab the time they were discovered. 
By abbreviations analogous to those still goingon in our own 
written language, the moet frequently-recarring of thees 
Pictured figures were successively simplified; and ultimately 
there grew up a system of symbols, mest of which had but 
distant resemblances to the things for which they stood. 
‘The inference that the hieroglyphics of the Egyptians were 
thus produced, is confirmed by the fact that the pictare- 
‘writing of the Mexicans was found to have given birth to 
8 like family of ideographic forms; and among thom, as 
among the Egyptians, these bad been partially differentiated 
into the kuriological or imitative, and the tropical or 
syaibolic; which were, however, used together in tho 
same record. In Egypt, written language underwent a 
further differentiation, whence resulted the hicrafic and 
the epistolegraphic or enchoriat ; both of which are derived 
from the original hieroglyphic. At the same time we find 
that for the expression of proper names, which could not be 
othorwiso conveyed, signs having phonetic values wore 
employed; and thongh it is alleged that tho Egyptians 
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never achieved complete alphabetic writing, yot it can 
scarcely bo doubted that these phonetic symbols, occasionally 
used in aid of their ideographie ones, were the germs of an 
alphabetic system. Once having become separate from 
hieroglyphics, alphabotic writing itself underwent numerous 
differentiation’ — multiplied alphabets were produced ; 
between most of which, however, more or less connection 
can still be traced. And in each civilized nation there has 
now grown up, for the representation of one set of sounds, 
soreral acta of written signs used for distinct purposes. 
Finally, from writing diverged printing; which, uniform 
in kind as it was at first, has since become multiform. 
While writton language was passing through its first 
stages of development, the mural decoration which con- 
tained its root was being differentiated into Painting and 
Sculpture. The gods, kings, men, and animals represented, 
‘were originally marked by indented outlines and coloured. 
In most cases these outlines were of such depth, and tho 
object thoy circumscribed so far rounded and marked out 
in ite leading parts, an to form a species of work intor- 
mediate between intaglio and bas-relief. In other cases 
‘we seo an advance upon this: the raised spaces between 
the figures boing chiselled off, and the figures themselves 
appropriately tinted, a painted bas-relief was produced. 
Tho restored Assyrian architecturo at Sydenham oxhibita 
this stylo of art carried to greater perfection—the persons 
and things reprosented, though still barbarously coloured, 
‘are carved out with more truth and in greater detail: and 
in tho winged lions and bulls used for the angles of 
gateways, we may seo « considerable advance towards a 
completely sculptured figure; which, nevertheless, is still 
coloured, and still forms part of the building. But whilo 
in Assyria the production of o statue proper seems to havo 
‘boon little, if at all, attempted, we may trace in Egyptian 
art the gradual separation of the sculptured figure from 
the wall. A walk through the collection in the British 
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‘Museum shows this; while at the same time it affords an 
ity of observing tho traces which the indepondent 

statues bear of their derivation from bas-relief: seeing 
that nearly all of them not only display that fusion of tho 
logs with one another and of the arma with the body which 
is characteristic of bas-relief, but have the back united from 
head to foot with a block which stands in place of the 
original wall. Greece repeated the leading stages of this 
progress. On tho friezes of Greek Temples, were coloured 
bas-relicfs representing sacrifices, battles, processions, 
games—allin some sort religious, The pediments contained 
painted sculptures more or less united with the tympanum, 
tnd having for subjects the triumphs of gods or heroes. 
Even statues definitely separated from buildings wero 
coloured ; and only in the later periods of Greek civilization 
does the differentiation of Sculpture from Painting appear 
to have become complete. In Christian art we may trace 
‘ parallel re-genesis. All early works of art throughout 
Burope wore religions in subject—represented Christs, 
crucifixions, virgina, holy families, apostles, sainte. They 
formed integral parts of church architecture, and wero 
among the means of exciting worship; as in Roman 
Catholic countries they stillare. Moreover, the sculptured 
of Christ on the cross, of virgins, of saints, were 
coloured; and it neods but to call to mind the painted 
madonnas still abundant in continental churches and 
highways, to perecive the significant fact that Painting and 
Seulpture continoo in closest connection with each other 
whore they continue in closest connection with their parent, 
Even when Christian sculpture became differentiated from 
Painting, it was still religious and governmental in its 
subjects—wan used for tombs in churches and statues of 
Kings; while, ab the same time, painting, where not 
puroly ecclesiastical, was applied to the decoration of 
palaces, and bosides reprosenting royal personages, was 
mostly devoted to sacred legends. Only in recent times 
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have painting and sculpture become quite separate and 
mainly weoular, Only within these few centurics has 
Painting been divided into historical, landscape, marine, 
architectural, genre, animal, still-life, &e.; and Sculpture 
grown in in respect of the variety of real and 
iden! aubjocta with which it occupies itself. 

Strange as it seems then, we find that all forms of 
written language, of Painting, and of Sculptare, have 
eommon root in the politico-religious decorations of ancient 
temples and poloces. Little resemblanco as thoy now 
havo, (ie landecapo that hangs aguinst the wall, and the 
copy of the Timer lying on the table, are remotely akin. 
‘The brazen face of the knocker which the postman has just 
lifted, is related not only to the woodouts of the [lustrated 
Tondton Nowa which ho is delivering, but to the characters 
of tho billet-doue which accompanies it. Between the 
painted window, tho prayor-book on which its light falls, 
and the adjacent monument, there is consangainity. The 

: effigies on our coins, the signe over shops, the coat of arms 
Outsilo ho carriage panel, and the placards inside the 
ownitus, are, in common with dolls and paper-hangings, 
Nnoally descended from the rode soulptare-paintings in 
which ancient peoples represented the triumphs and wor 
ship of their god-kings. Perhaps no example can be giren 
which more vividly illustrates the multiplicity and hetero 
geuity of the products that in course of time may arise by 
successive differentiations from @ common stock. 

Before passing to cther chusses of facts, it should be 
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from the eye; and so is less heterogencous than a painting 
that represents them ng at various distances from the eye. 
Tt exhibits all objects as exposed to the same degree of 
light ; and so is less heterogeneous than a painting which 
exhibits its different objects and different parts of exch 
object as in different degrees of light. It ases chiefly the 
primary colours, and these in their full intensitics; and so 
is lesa heterogencous than » painting which, introducing 
the primary colours but sparingly, employs numerous in- 
termediate tints, each of heterogeneous composition, and 
differing from the rest not only in quality but in strength. 
‘Moreover, we see in these early works great uniformity of’ 
conception. The same arrangement of figures is perpetually 
reproduced—the same actions, attitudes, faces, dresses. In 
Egypt the modes of representation were so fixed that it was 
sacrilege to introduce a novelty. ‘Tho Assyrinn bas-relicis 
display parallel characters. Deities, kings, attendante, 
winged-figures and animals, are time after time depicted in 
like positions, holding like implements, doing like things, 
and with like expression or non-expression of face. If a 
palm-grove is introduced, all the trees are of the same 
height, kaye the same number of leaves, and arc equidistant. 
‘When water is imitated, each wave is a counterpart of the 
test; and the fish, almost always of one kind, aro ovenly 
distributed over the surface. The beards of tho kings, the 
gods, and the winged-figures, are everywhere similar; as 
are the manes of the lions, and equally so those of the 
horses. Hair is represented throughout by one form of 
curl. The king’s beard is quite architecturally built up of 
compound tiers of uniform curls, alternating with twisted 
tiers placed in m transverse diroction, and arranged with 
perfect regularity ; and the terminal tufts of tho bulls’ tails 
are represented in exactly the same manner. Without 
tracing out analogons facts in early Christian art, in which, 
though less striking, they are still visible, the advance in 
Aeterogencity will be sufficiently manifest on remembering 
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that in the pictures of our own day the composition is end- 
lessly varied; the attitudes, faces, expressions, unlike; the 
subordinate objects different in sizes, forms, textures; and 
more or less of contrast even in the smallest details. Or, 
‘if we compare an Egyptian statue, seated bolt upright on a 
block, with hands on knees, fingers parallel, eyes looking 
straight forward, and the two sides perfoctly symmotrical in 
every particular, with astatue of the advanced Greek school 
eiiesisdte deel: which is asymmetrical in respect of 
tho attitude of the head, the body, the limbs, the arrange- 
Sn poe epegemyanaping and in its relations to 
neighbouring objects, we shall sce the change from tho 
homogeneous to the heterogencous clearly manifested, 

In the co-ordinate origin and gradual differentiation of 
Poetry, Musio, and Dancing, we have another series of illus 
trations. Rhythm in words, rhythm in sounds, and rhythm 
in motions, were in the beginning parts of the sume thing, 
and have only in process of time become separate things. 
Among existing barbarous tribes we find them still united. 
The dances of savages are accompaniod by somo kind of 
monotonous chaut, the clapping of hands, the striking of 
rade instruments: there are measured movements, mea- 
sured words, and measured tones. The carly records of 
historic races similarly show these three forms of motrical 
action united in religious festivals. In the Hebrew writings 
wo read that the trismphal ode composed by Moses on the 
dofeat of tho Egyptians, was sung to an accompanimont of 
dancing and timbrels. The Israclites danced and sung 
“at tho inauguration of tho golden calf. And ne it is 
penerally agreed that this representation of the Deity was 
borrowed from the mysteries of Apis, it is probable that the 
dancing was copied from that of the Egyptians on those 
occasions.” Again, in Greece the like relation is oer 
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The Sparton dancee were scoompanied by hymns and 
songs; and in general the Grevks had “no festivals or 
religions assemblies but what were accompanied with songs 
and danoes"—both of them being forms of worship used 
before altars. Among the Romans, too, there were sacred 
dances: the Salian and Lupercalian being named as of 
that kind, And even in Christian countries, o5 at Limoges, 
in comparatively recent times, the people have danced in 
the choir in honour of a saint. Tho incipient separation 
of these once-united arts from each other and from religion, 
was early visible in Greece, Probably diverging from 
dances partly religions, partly warlike, as the Corybantian, 
came the war-dances proper, of which there were various 
kinds. Meanwhile Music and Poetry, though still united, 
came to have an existence separate from Dancing. The 
primitive Greek pocms, rcligious in subject, were not recited 
but chanted; and thongh at first the chant of the poct was 
by the dance of the chorus, it ultimately grow 
{into:independenco. Later still, when the poem had been 
differentinted into epic and lyric—when it became the cas- 
tom to sing the lyric and recite the epic—poetry proper was 
born. As daring the same period musical instruments were 
being multiplied, wo may presumo that music camo,to have 
fn existence apart from words. And both of them were 
to assume other forms besides the religious, 
Facts haying like implications might be cited from the 
histories of later times and peoples; as the practices of 
‘our own early minstrels, who sang to the harp heroic narra~ 
tives versified by themselves to music of their own composi- 
tion: thus uniting the now separate offices of poct, composer, 
‘yocalist, and instrumentalist. But, without further illus- 
tration, the common origin and gradual differentiation of 
Dancing, Pootry, and Music will bo snfficiontly manifost. 
The udvance from the homogenoous to the heterogeneous 
fx displayed not only in the separation of these arts from 
each other and from religion, but also in the moltipliod 
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differontiations which each of them afterwards undergoes, 
Not to dwell upon the numberless kinds of dancing that 
havo, in course of time, come into use: and not to occapy 
space in detailing the progress of poetry, ax seen in the 
evelopment of the various forms of metre, of rhyme, 
and of general organization; let us confine our attention 
to music as a type of the group. As implied by the 
customs of still extant barbarous racos, the first musical 
inatraments were, without doubt, percussive — sticks, 
calabnshes, tom-toms—and were used simply to mark the 
time of the dance; and in this constant repetition of the 
same sound, we see music in its most homogeneous form. 
The Egyptians bad a lyre with three strings. The early 
lyre of the Greeks had four, constituting their teteachord. 
Tn course of some centuries lyres of seven and eight strings 
were employed; and, by the expiration of a thousand 
yenrs, they had advanced to their “great system” of the 
doubleoctave. Through all which changes there of courso 
arose a greater heterogeneity of melody. Simultaneously 
there came into use the different modes—Dorian, Ionian, 
Phrygian, Molian, and Lydian—answering to our keys; and 
of these there were ultimately fifteen. As yet, however, 
there waa but little heterogeneity in the time of their musio. 
Tnetramental music being at first meroly the accompaniment 
of vocal music, and vocal music being subordinated to 
words,—the singer being also the poet, chanting his own 
compositions and making the lengths of his notes agroa 
with the feet of his verses,—there resulted a tiresome 
uniformity of measure, which, as Dr. Burney says, “no 
resources of melody could disguise.” Lacking the complex 
rhythm obtained by our equal bars and unequal notes, tho 
only rhythm was that produced by tho quantity of the 
syllables, and waa of necessity comparatively monotonous. 
Andtarther, it may be observed thatthechant thus resulting, 
being like recitative, was much less clearly differentiated 
from ordinary a than is our modern song. Nevor- 
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thelest, in virtue of the extonded range of notes in use, the 
variety of modes, the occasional variations of time conse 
quent on changes of metre, and the multiplication of 
instruments, music had, towards tho close of Greek civiliza- 
tion, attained to considerable heterogensity—not indeed aa 
compared with our music, but as compared with that which 
preceded it. Still, there existed nothing bat melody: 
harmony was unknown. It was not until Christian church- 
music had reached some development, that music in parts 
was evolved; and then it came into existence through a 
ory unobtrusive diflerentiation. Difficult as it may be to 
conceive « priori how the advance from melody to harmony 
could take place without a sudden leap, it is none tho less 
true that it did 20. The circumatance which prepared the 
way for it was the employment of two choirs singing 
alternately the same air. Afterwards it became the prac- 
tice—very possibly first suggested by a mistake—for the 
second choir to commence before the first had ceased; thus 
producing a fugue. With the simple airs then in use, a 
partially-harmonious fugue might not improbably thas 
result: ond a very partially-harmonious fuguo satisfied the 
ears of that age, as we know from still preserved examples, 
"The idea having once been given, the composing of airs 
productive of fugal harmony would naturally grow up, 
a8 in some way it did grow up, out of this alternate choir- 
singing. And from the fugue to concerted music of two, 
three, fonr, and moro parts, the transition was casy. 
Without pointing out in dotail the increasing complexity 
that resulted from introducing notes of various lengthe, 
from the multiplication of koys, from the use of accidentals, 
‘from varieties of time, and so forth, it needs but to contrast 
music as it is, with music as it was, to see how immense is 
the increase of heterogeneity. We sco this if, looking at 
masic in its sasemble, we enumerate ite many different 
genora and specics—if wo consider the divisions into vocal, 
instrumental, and mixed; and their subdivisions into musio 
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for different voices and different instraments—if we observa 
the many forms of sacred music, from the simple hymn, 
the chant, thocanon, motet, anthem, dc., up to the oratorio; 
and the still more numerous forms of saccular music, from 
the ballad up to the soronata, from the instrumental solo up 
to the symphony. Again, the same truth is seen on com- 
paring any one sample of aboriginal music with a samplo 
of modern music—even an ordinary song for the piano; 
which we find to be relatively very heterogencous, not. only 
in respect of the variety in the pitches and in the lengths 
of the notes, the number of different notes sounding at the 
tame instant in company with the voice, and tho variations 
of strength with which they aro sounded and sung, bot in 
respect of the changes of key, the changes of time, the 
of timbre of the voice, and the many other modi- 
fications of expression. While between the old monotonous 
dance-chantand a grand oporaof ourawn day, with itkendless 
orchestral complexities and vocal combinations, the contrast 
in heterogeneity is 50 extrome that itseems scarcely credible 
that the one should have been the ancestor of the other, 
Were thoy needed, many further illustrations might be 
cited. Going back to tho carly time when the deeds of the 
god-king were recorded in picture-writings on the walls of 
temples and palaces, and #0 constituted @ rude literature, 
we might trace the development of Literature through 
phases in which, as in the Hebrew Scriptures, it presents 
in one work theology, cosmogony, history, biography, law, 
othics, pootry; down to ita present hetorogencous develop- 
ment, in which its soparated divisions and subdivisions 
‘are so numerous and varied ns to defy complete classifi- 
cation, Or we might trace out the evolution of Science; 
with the era in which it was not yot differentiated 
Peaeea wats asion ie Art, tho handmaid of 
Religion; passing through tho era in which the sciences 
wore so few and radimoentary, as to bo simultaneously 
jon; amd ending with the era 
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in which the genorn and spocies are so numerous that 
few can enumerate them, and no ove can udequately 
grasp even one genus. Or we might do tho like with 
Architecture, with the Drama, with Dress, But doubtless 
the reader is already weary of illustrations; and our 
promise has been umply fulfilled. Abundant proof has been 
given that the law of organic development formulated by 
yon Baer, is the law of all development. The advance from 
the simple to the complex, through a process of successive 

, is seen alike in the earliest changes of the 
Universe to which we can reason our way back, and in the 
earliest changes which we can inductively establish; it is 
seen in the geologic and climatic evolution of the Earth ; 
it is seen in the unfolding of every single organism on its 
surface, and in the multiplication of kinds of organisms; 
it is seen in the evolation of Humanity, whether contem- 
plated in the civilized individual, or in tho aggregate of 
Faces; it is seen in the evolution of Society in respect alike 
of its political, ita roligious, and its oconomical orgunization ; 
and it is seen in the evolution of all those endless concrete 
and abstract products of human activity which constitute 
the environment of our daily life. From the remotest 
past which Science can fathom, up to the novelties of 
yesterday, that in which progress essentially consists, 
is the transformation of the homogencous into tho 
heterogencous, 


And now, must not this uniformity of procedure be a 
consequence of some fundamental necessity? Mny we not 
rationally seck for some all-pervading principle which 
determines this all-pervading process of things? Does not 
the universality of the Jaw imply a universal eauso? 

‘That we can comprehend such cause, noumenally con- 
sidered, is not to be supposed. To do this would be to 
solve that ultimate mystory which mast ever transcond 
hhamsn intelligence. But it still may be possible for us to 
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| reduce the law of all progress, above sot forth, from tho 
\ condition of an empirical generalization, to the condition 
of o rational generalization. Just us it wns possible to 
interpret Kepler's laws as necessary consequences of the 
Jaw of gravitation; so it may be possible to interpret this 
law of progress, in its multiform manifestations, as the 
necessary consequence of somo similarly universal principle. 
As gravitation was assignable as the cause of cach of the 
groups of phenomena which Kepler generalized ; eo may 
some equally simple attribute of things be assignable as 
the cause of each of the groups of phenomena generalized 
in the foregoing pages, We may be able to affilinte all 
these varied evolutions of the homogeneous into the hetero- 
geneous, upon certain facts of immediate experience, which, 
in virtue of endless repetition, we regard os necossary, 

‘The probability of a common cause, and the possibility 
of formulating it, being granted, it will bo well, first, to 
ask what must be the general characteristics of such canse, 
and in what direction we ought to look for it. We can 
with certainty predict that it has a high degree of abstract- 
ness; seeing that it is common to such infinitely-varied 
phenomena. We need not expect to sce in it an obvious 
solution of this or that form of progresa; because it is 
equally concerned with forms of progress bearing little 
‘apparent resemblance to them ; its association with multi- 
form orders of facts, involves its dissociation from any 
particular order of facts. Being that which determines 
progress of every kind—astronomic, geologic, organic, 
ethnologic, social, economic, artistic, &e.—it must be 
involved with some fundamental trait displayed in common 
by these; and must bo expressible in torms of this fanda- 
mental trait. The only obvious respect in which all kinds 
of progress are alike, is, that they are modes of change ; 
and hence, in some characteristic of changes in general, the 
desired solution will probably bo found. We may suspect 
aw priors that in some universal law of change lies the 
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explanation of this universal transformation of the homo- 
peneous into the heterogeneous, 

‘Tas much promised, we pass at once to the statement 
of the law, which is this:—overy active force produces more 
tum one change—exery cause produces more than one effect, 

‘To make this proposition comprehensiblo, a fow examples 
must be given. When one body strikes another, that 
which wo usually regard as the effect, is a change of 
position or motion in one or both bodies, Bat a moment's 
thonght shows us thab this is w very incomplete view of the 
matter. Besides the visible mechanical result, sound is 
produced; or, to speak accurately, a vibration in one or 
both bodies, which is communicated to tho surrounding air ; 
and under some circumstances we call this the effect. 
Moroover, tho nir has not only been made to undalate, but 
hia had currents caused in it by tho transit of the bodies, 
Further, there is a disarrangement of the particles of the 
two bodies in the neighbourhood of their point of collision ; 
tmounting, in some cases, to a visible condensation. Yet 
more, thix condensation is accompanied by the disengage- 
meat of heat. In some cases a spark—that is, light— 
results, from the incandescence of a portion struck off; 
and sometimes this incandescence is associated with chemi- 
cal combination. Thus, by the mechanical foros expended 
in the collision, at least five, and often more, differont kinds 
of changes have beon produced. Take, again, the lighting 
of n candle. Primarily this is m chemical cl cone 
seqoent on # rise of temperature. The process of combina~ 
tion having once been started by extraneous heat, there is 
continued formation of carbonic acid, water, éc.—in 
itself a result more complex than the extraneous heat that 
first caused it. Bataocompanying this process of combina- 
tion thera is a production of heat; there is a production of 
light; there is an ascending colamn of hot gases generated ; 
thire are inflowing currents set going in the surrounding 
air, Moreover, the complicating of effects does not end 
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here: each of tho several changes produced becomes the 
parent of further changes. The carbonic acid given off will 
by and by combine with some base ; or under the inflnence 
of sunshine give up its carbon to the leaf of a plant. The 
water will modify the hygrometric state of the air around ; 
or, if the current of hot gases containing it comes against 
a cold body, will be condensed: altering tho temperatura 
of the surface it covers. The heat given out melts tho 
subjacent tallow, and expands whatever it warms. The 
light, falling on varions substances, calls forth from them 
reactions by which its composition is modified; and so 
divers colours are produced. Similarly even with these 
secondary actions, which may be traced out into ever- 
multiplying ramifications, until they become too minute to 
bo appreciated. And thus it is with all changos whatever. 
No cave can be named in which an active force does notevelve 
- forces. of several kinds, and each of these, other groups of 
forces. Universally the effectis more complex than the canse. 

Doubtless the render already foresees the course of our 
argument. ‘This multiplication of effects, which is displayed 
in every event of to-day, has been going on from the 
beginning ; and is truc of the grandest phenomena of the 
universe as of the most insignificant. From the law that 
every active foree produces more than one change, it is un 

| inevitable corollary that during the past there has been an 

ever-growing complication of things. Throughout creation 

there must have gone on, and must still go on, a never. 

ceasing transformation of the homogeneous into the hetero- 
Let us trace this trath in detail. 

Without committing ourselves to it as more than s 
speculation, though a highly probable one, let us again 
commence with the evolution of the Solar System out of a 
nebulous medium. The hypothosis is that from the mutual 
attraction of the molecules of a diffused mass whose form 
is unsymmetrical, there results not only condensation but 
rotation. While the condensation and the rate of rotation 


a 
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go on increasing, the approach of tho molecules is neces- 
sarily accompanied by an increasing temperature. As the 
temperature rises, light begins to be evolved; and 
ultimately thore results a rovolving ephore of fluid matter 

intense heatand light—a gun. Thereare reasons 
for believing that, in consequonce of the higher tangential 
velocity originally possessed by the outer parts of the con- 
donsing nebulous mas, there will be occasional detachments 
of rotating rings; and that, from the breaking up of these 
nebulous rings, there will arise masses which in the course 
‘of their condensation ropeat the actions of the parent masa, 
and #0 produce planots and thoir satellitea—an inference 
strongly supported by the still extant rings of Saturn. 
Should it hereafter be satisfactorily shown that planots and 
satellites were thus generated, a striking lastration will 
be ufforded of the highly heterogeneous effects produced by 
the primary homogeneous cause; but it will serve our 
present purpose to point to the fact thab from the mutual 
attraction of tho particlos of an irrogular nebulous mass 
there result condensation, rotation, heat, and light. 

Tt follows as a corollary from the Nebular Hypothesis, 
that the Barth must onco have been incandescent; and 
whether the Nebular Hypothesis be true or not, this 
original incandescence of the Earth is now inductively 
established—or, if not established, at least rendered so 
highly probable that it is an accepted geological doctrino. 
Lot us look first at the astronomical attributes of this once 
molten globe. From ita rotation there result the oblatencss 
of its form, tho altornations of day and night, and (undor 
the influence of the moon and in a smaller degree the sun) 
the tides, aqueous and atmospheric. From the inclination 
of its axis, there result the many differences of the seasons, 
both simultaneous and successive, that pervade its surface, 
and from the same cause joined with the action of the 
moon on tho equatorial protuberance there results the 
a of the eqoinoxes. has the multiplication of 


< 
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effects is obvious, Several of the differentintions due to 
the gradual cooling of tho Earth havo been already noticed 
—as the formation of a crust, the solidification of sublimed 
elements, the precipitation of water, &e.,—and woe horo 
again refer to them merely to point ont that they ara 
simultaneous effects of the one cause, diminishing heat. Let 
‘us now, however, observe the multiplied changes afterwards 
arising from tho continuance of this ono cause. The 
cooling of the Earth involves ite contraction. Hence tho 
solid crust firat formed is presently too large for tho 
shrinking nuclens; and as it cannot support itself, inevit~ 
ably follows the nucleus. But a spheroidal envelope 
cannot sink down into contact with a smaller internal 
spheroid, without disruption: it must ran into wrinkles ag 
tho rind of an apple docs when the bulk of its interior 
decreases from evaporation. As the cooling progresses 
and the envelope thickens, the ridges consequent on these 
contractions will become greater, rising ultimately into 
hills and mountains ; and the later systems of mountains 
thus produced will not ouly be higher, as we find them to 
‘be, but will be longer, as we also find them to be. Thus, 
leaving out of view other modifying forces, we see whab 
immense heterogeneity of surface bas arisen from the one 
cause, loss of heat—a heterogeneity which the telescopo 
shows us to be paralleled on tho face of Mars, and which 
in the moon too, where aqueous and atmospheric agencies 
have been absent, ib reveals under a somewhat difforent 
form. But we have yet to notice another kind of hetero- 
geneity of surface similarly and simultaneously caused. 
While the Earth’s crust was still thin, the ridges produced 
by its contraction mnst not only have been small, bat tho 
spaces between those ridgos must rested with great 
‘evenness pon the subjacent liquid spheroid; and the 
water in those arctic and antarctio regions in which it 
first condensed, must have been evenly distributed. But 
‘as fast aa the cruat-thickened and gained corresponding 
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‘the lines of fractore from time to time cansed 
in it, must have occurred at greater distances apart; the 
intermediate sarfaces mast have followed the contracting 
‘nucleus with less uniformity ; and there mast have resalted 
larger areas of londand water. If any one, after wrapping 
up an orange in tissue paper, and observing not only how 
small are the wrinkles, bat how evenly the intervening 
Spaces lio upon the surface of the orange, will then wrap it 
up in thick cartridge-paper, and note both the greater 
height of the ridges and the Iarger spaces throughout 
which the paper does not touch the orange, he will realize 
the fact that, as the Barth's solid envelope grew thicker, 
the areas of clevation and depression incroased. In placo 
of istands homogencously dispersed amid on all-embracing 
sea, there must have gradually srisen heterogencous 

of continent and ocean. Once moro, this 
double change in the extent and in tho elevation of the 
Jands, involved yet another species of heterogeneity—thab 
‘of coast-linc. A tolerably even surface raised ont of tho 
‘ocean most haye a simple, regular eca-margin; but o 
turface varied by table-lands and intersected by mountain- 
chains must, when raised out of the ocean, have an outline 
extremely irregular both in its loading features and in ita 
Getails. Thus, multitadinons geological and geographical 
restilis are slowly brought wbout by this one exuse—the 
contraction of the Earth. 

When we pass from the agency termed igneous, to 
Squeons and atmospheric agencies, wo see the like erer- 
growing complications of offocta. Tho donuding actions of 
air and water, joined with those of changing temperature, 
have, from tho beginning, beon modifying every exposed 
surface. Oxidation, heat, wind, frost, rain, glaciers, rivers, 
tides, waves, have been unceasingly produging disintegra- 
tion; varying im kind and amount according to local cir 
cumstances. Acting upon 6 tract of granite, they here 
work searcely an appreciable effect; there cause exfoliations 
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of the surface, and a resulting heap of débris and boulders ; 
and elsewhere, after decomposing the feldspar into u white 
clay, carry away this and the accompanying quartz and 
mica, and deposit them in separate beds, fluviatile and 
marine. When the exposed land consists of several unlike 
kinds of sedimentary strata, or igneous rocks, or both, 
denudation produces changes proportionably more hetoro- 
geneous, Tho formations boing disintegrable in different 
degrees, there follows an increased irregularity of surface. 
‘The areas drained by different rivers being differently 
constituted, these rivers carry down to the sea different 
combinations of ingredients; and so sundry new strata of 
unlike compositions are formed. And here we may see 
‘vory simply illustrated, tho truth, which we shall presently 
haye to trace ont in more involved cases, that in propor- 
tion to the heterogeneity of the object or objects on which 
any force expends itself, is the heterogeneity of the effects. 
A continent of complex stracture, exposing many strata 
irregularly distributed, raised to various levels, tilted up at 
all angles, will, under the same denuding agencies, give 
origin to innumerable and involved results: each district 
must be differently modified; each river must carry down a 
different kind of detritus; each deposit must be differently 
distributed by the entangled currents, tidal and other, 
which wash the contorted shores; and this maltiplication 
of results must manifestly be greatest where the complexity 
of surface is greatest. 
Here we might show how the genoral truth, that every 
active force produces more than one change, is again ex- 
ified in the highly-involved flow of the tides, in tho 
ocean currents, in the winds, in the distribution of rain, in 
the distribution of heat, and so forth. But not to dwell 
upon these, lot us, for the fuller elucidation of this truth in 
relation to the inorganic world, consider what would be the 
consequences of some extensive cosmical catastrophe—say 
tho subsidence of Central America, The immediate resulta 
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of the disturbance would themselves be sufficiently complex, 
Besides the numberless dislocations of strata, the ejections 
of igneous matter, the propagation of earthquake vibrations 
thousands of miles around, the loud explosions, and the 
escape of gases; there would be the rush of the Atlantic 
and Pacific Oceans to fill the vacant space, the subsequent 
recoil of enormous waves, which would traverse both these 
oceans and produce myriads of changes along their shores, 
the corresponding atmospheric waves complicated by the 
currents surrounding ench volcanic vent, and the electrical 
discharges with which such disturbances are accompanied. 
Bat these temporary effects would be insignificant compared 
with the permanent ones. The currents of the Atlantic 
and Pacific would be altered in their directions und 
amounts. The distribution of heat achioved by these ocean 
currents would be different from what it is. The arrange- 
ment of the isothermal lincs, not only on neighbouring 
continents, but even throughout Hurope, would bo changed. 
The tides would flow differently from what they do now. 
There woald be more or lexx modification of the winds in 
their periods, strengths, directions, qualities. Rain would 
fall scarcely anywhere st the same times and in the same 
quantities us at present. In short, the motcorological con- 
ditions thousands of miles off, on all sides, would be more 
or leas revolutionized. Thus, without taking into account 
the infinitude of modifications which these changes would 
produes upon the flora and fauna, both of land and sea, the 
render will perceive the immense heterogencity of the 
results wrought ont by one force, when that foree expends 
itself upon a previously complicated area; and he will 
draw the corollary that from the beginning the complication 
‘has advanced at an increasing rate. $ 
Before going on to show how organic progress also 
doponds on the law that every force produces more than 
one change, we have to notice the manifestation of this 
Jaw in yot another species of inorganic progross—namoly, 


ah PROGRESS: 178 LAW AND CAUSE. 


chomiesl, Tho enmo general causes that hare wrought 
out the heterogeneity of the Earth, physically considered, 
have simultaneously wrought out its chemical heterogencity. 
‘Thore is every reason to believe that at an extremo heat 
the elements cannot combine. Even under such heat a 
cwn be artificially produced, some very strong affinities 
yield, as, for instance, that of oxygen for hydrogen; and 
the great majority of chemical compounds are decomposed 
st much lowor temperatures. But without insisting on 
the highly probable inference, that when the Earth was 
in its first state of incandescence there were no chemical 
combinations at all, it will suffice for our purpose to point to 
the unquestionable fact that the compounds which can oxist 
at the highest temperatures, and which must, therefore, have 
been the first that were formed as the Earth cooled, are 
those of the simplest constitutions, The protoxides— 
including under thnt head the alkalies, earths, &c.—are, 
n8 a class, the most stable compounds we know: most of 
4 thom resisting decomposition by any heat we can generate, 
These are combinations of the simplest order—are but 
ono degree less homogenous than the elements themselves, 
More heterogeneous, less stable, and therefore later in the 
Earth’s history, are the deutoxides, tritoxides, peroxides, 
&e,; in which two, threo, four, or more atoms of oxygen 
aro united with one atom of metal or other element, 
Higher than these in heterogeneity aro tho hydrates ; 
in which an oxide of hydrogen, united with an oxide of 
some other element, forma a substance whoxe atoms 
severally contain at least four ultimate atoms of three 
different kinds. Yet more heterogencous and less stable 
still are the salts; which present us with molecules cach 
made up of five, six, soven, eight, ten, twelve, or moro 
atoms, of threo, if not more, kinds. Then there are the 
hydrated salis,of a yot greater hoterogencity, which undergo 
partial decomposition at much lower temperatures. After 
them come the farther complicated supersalts and double 
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salts, having a stability again decreased ; and so through- 
out, Withont entering into qualifications for which space 
fails, we believe no chemizt will deny it to be a general law 
of these inorganic combinations that, other things equal, 
the stability decreases as the complexity increases. When 
we pass to the compounds of organic chemistry, we find 
this general Jaw still farther exemplified: we find much 
greater complexity and much less stability. A molecule 
of albumen, for instance, consists of 482 ultimate atoms 
of five different kinds. Fibrine, still more intricate in 
constitution, contuins in cach molecnlc, 298 atomn of 
carbon, 49 of nitrogen, 2 of sulphur, 228 of hydrogen, and 
92 of oxyyzen—in all, 669 atoms; or, more strictly speaking, 
equivalents. And these two substances are so unstable 
ne to decompose at quite ordinary temperatures; as that 
to which the outside of a joint of ronst ment is exposod, 
‘Thus it is manifest that the present chemical heterogeneity 
of the Earth's surface has arisen by degrees, as the 
decrease of heat has permitted; and that it has shown 
iteolf in three forms—first, in the multiplication of chemical 
componnds; sooond, in the greater number of difforont 
elements contained in the more modern of these compounds; 
and third, in the higher and more varied multiples in which 
these more numerous elements combine, 

To say that this advance in chemical heterogeneity is 
dae tothe one cause, diminution of the Earth’s temperature, 
would be to say too much; for it is clear that aqdteous and 
atmospheric ngencios have been concerned; and further, 
that the affinitics of the elemouts thomeolves are implied. 
‘The canse has all along been o composite one: the cooling 
of the Earth having beon simply the most general of tho 
concurrent cimses, or assernblage of conditions. And here, 
indeed, it may be remarked that in the several classes of 
facts already dealt with (excepting, perhaps, the first), 
and still more in those with which we shall presently deal, 
tho ‘causes aro more or less compound; as indeed aro 
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nearly all causes with which we are acquainted. Scarcely 

any change oan rightly be ascribed to one agency alone, to 
rig neglect of the permanent or temporary conditions 
under which only this agency produces the change. But 
‘ng it does not materially affect our argument, we prefer, for 
simplicity’s snke, to uso throughout the popular mode of 
expression, Perhaps it will be further objected, that to 
assign Joss of heat as the cause of any changes, is to 
attribute these changes not to a force, but to the absence 
of a force, And this is true. Strictly speaking, the 
changes should be attributed to those forces which come 
into action when the antagonist force is withdrawn. But 
thongh there is inaccuracy in saying that the freesing of 
water is due to the loss of its hoat, no practical error arisos 
from it; nor will a parallel laxity of expression vitiate our 
statements respecting the multiplication of effects. Indeed, 
the objection serves but to draw attention to the fact, that 
not only does the exertion of a force produce more than 
one change, but the withdrawal of a force produces moro 
than one change. 

Returning to the thread of our exposition, we have nexb 
to trace, throughout organic progress, this samo all- 
pervading principle. And here, where the evolution of 
the homogeneous into the heterogeneous was first observed, 
the production of many effects by one cause is least eusy 
to demonstrate. The development of a seed into a plant, 
or an ovum into an animal, is so gradual, while the forces 
which determine it aro so inyolvod, and at the samo time 
so unobtrusive, that it is difficult to detect the multipli- 
cation of offects which is elsewhere vo obvions. But, 
guided by indirect evidence, we may safely conclude 
that here too the law holds. Note, first, how numerous 
are the changes which any marked action works upon an 
adult orguniam—a human being, for instance. An alarm- 
ing sound or sight, besides the impressions on the organs 
of sense and the nerves, may produco » start, a scream, a 
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distortion of the face, a trembling consequent on general 
muscular relaxation, a burst of perspiration, a rush of 
blood to the brain, followed possibly by arrest of the heart's 
action and by syncope; and if the subject be feeble, an 
indisposition with its long train of complicated symptoms 
may set in. Similarly in cnses of discase. A minuto 
portion of the small-pox virus introduced into the system, 
will, in @ severe case, cause, during the first stage, rigors, 
heat of skin, accelerated pulse, furred tongue, loxa of 
appetite, thirst, epigastric ancasiness, vomiting, headache, 
pains in the back end limbs, muscular weakness, convulsions, 
dcliriam, &c.; in the second stage, cutancous eruption, 
itehing, tingling, tore throat, ewelled faucos, salivation, 
cough, hoarseness, dyepnova, &e.; and in the third stago, 
@dematous inflammations, pneumonia, pleurisy, diarrhosa, 
inflammation of the brain, ophthalmia, erysipelas, &e.: 
each of which enumerated symptoms ix itself more or less 
complex. Medicines, special foods, better air, might in 
Tike manner be instanced ss producing multipled results. 
Now it needs only to consider that the many changes thas 
wrought by one force wpon an adult organiem, will be in 
part paralleled in an embryo organian, to understand how 
here also, tho evolution of the homogeneous into the 
heterogeneous may be due to the production of many 
effects by one cause. The external heat, which, falling 
on a matter having special proclivities, determines the 
first complications of the germ, may, by acting on these, 
superinduce farther complications ; upon theso still highor 
and more numerous ones; and so on continually: each 
organ as it is developed serving, by its actions and reactions 
on the rest, to initiate new complexities. The first 
pulsations of the fostal heart must simultaneously aid the 
unfolding of every part. The growth of each tissue, by 
taking from the blood special proportions of elements, must 
modify the constitution of the blood; and so must modify 
the nutrition of all the other tiszonn. The beart’s action, 
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fmplying as it does a certain waste, necessitates an addition 
to the blood of effete matters, which must inflaence the 
rest of the system, and perhaps, as some think, cause the 
formation of excretory organs. The nervous connexions 
established among the viscera must further multiply their 
mutual influences; and so continually. Still stronger 
beoomes the probability of this view when we call to mind 
the fact, that the same germ may be evolved into different 
forms according to cireumstances. Thus, doring its earlier 
stages, every embryo ix sexless—becomes either male 
or female as the balance of forces acting on it deter- 
mines, Again, it is a well-established fact that the larva 
of a working-bee will develop into & queen-bee, if before it is 
too late, its food bo changed to that on which the larve of 
queen-bees are fod. All which instances suggest that the 
proximate cause of each advance in embryonic complication 
is the action of incident forces upon the complication 
previonsly exixting. Indeod, we may find « prior’ reason 
to think that the evolution proceeds after this manner. 
For since no germ, animal or vegetal, contains the slightest 
radiment or indication of the future organism—since tho 
microscope hns shown us that the first process eet up in 
every fertilized germ, is a process of repoated spontancous 
fissions ending in the production of a mass of cells, not one 
of which exhibits any special character; there seems no 
alternative but to suppose that the partinl organization at 
any moment existing in a growing embryo, is transformed 
by the agencies acting upon it into the succeeding phasc of 
organization, and this into the next, until, through ever- 
increasing complexities, the ultimate form is reached. Not 
indeed that we can thus roally explain the production of 
any plant or animal. We are atill in the dark respecting 
those mysterious properties in virtue of which the germ, 
when subject to fit influences, undergoes tho special 
changes that bogin the series of transformations. All we 
aim to show, is, that given a gorm possessing those 
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particular proclivities distinguishing the species to which 
it belongs, and the evolution of an oyganism from it, 
probably depends on that maltiplication of effects which 
we have seon to be the cause of progress in general, go far 
‘ax we hare yet traced it. 

When, leaving the development of single plants and 
animals, we pass to that of the Eurth’s flora and fauna, the 
coarse of our argument again becomes clear and simple. 
‘Though, as wns admitted im the first part of this article, 
the fragmentary facts Paleontology has accumulated, do 
not clearly warrant us in saying that, in the lapse of 


isms, yet we shall now see that there must ever have been 
tendency towards these results. We shall find that the 
ion of many effects by one causo, which as already 
shown, has been all along increasing the physical hetero: 
geneity of the Earth, hos further involyed an incressing 
hoterogoneity in its flora and fauna, individually and 
. An illustration will make this clear. Suppose 

that by @ series of upheavals, occurring, as they are now 
known to do, at long intervals, the Bast Indian Archipelago 
were to be, step by step, raised into a continent, and » 
chain of mountains formed long tho axis of elevation. 
By the first of these upheavals, the plants and animals 
inhabiting Borneo, Sumatra, New Guinea, and the rest, 
would be subjected to slightly modified sots of conditions, 
‘The climate in general would be altered in temperature, in 
humidity, and in its periodical variations; while the local 
differences would be multiplied. These modifications wonld 
affect, perhaps inappreciably, the entire flora and fauna of 
the region. Tho change of level would produce additional 
modifications: yarying in diffcront specics, and also in 
different members of the same species, according to their 
distance from the axis of elevation. Plants, growing ouly 
on the sea-shore in special localities, might become extinct. 
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Others, living only in swamps of a certain humidity, would, 
if thoy surviyod at all, probably undergo visible changes of 
appearance, While still greater alterations would occur in 
the planta gradually spreading over the lands newly raised 
above the sea. The animals and insects living on these 
modified plants, would themselves be in some dogroe modi- 
fied by change of food, as well as by change of climate; 
snd the modification would be more marked where, from 
the dwindling or disappearance of one kind of plant, an 
allied kind was eaten, In the lapse of the many genera- 
tions arising before the next uphenyal, tho sonsiblo or 
insensiblo altorations thus produced in each species would 
become organized—there would be a more or less complete 
adaptation to tho new conditions. Tho noxt upheaval 
would superinduce farther organic changes, implying wider 
divergences from the primary forms; and so repeatedly. 
But now let it be observed that the revolution thus result- 
ing would not be # substitution of a thousand more or loss 
modified species for the thousand original species; but in 
place of the thousand original epecios there would ariso 
several thousand species, or varieties, or changed forms. 
Ench species boing distributed over an roa of some extent, 
and tending continually to colonize the new area exposed, 
its different members would be subject to different sets of 
changes. Plants and animals spreading towards the equator 
would not be affected in the same way as others spreading 
from it. Those spreading towards the new shores would 
undergo changes unlike the changes undergone by thoso 
gpreading into the mountains. ‘I'hus, each original race of 
organisms, would become theroot from which diverged several 
races differing more or less from it and from each other ; and 
while some of these might subsequently disappear, probably 
‘more than one would survive in the next geologic period: 
the very dispersion itself increasing the chances of survival. 
Not only would there be certain modifications thus caused 
by change of physical conditions and food, but also in some 
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cases other modifications caused by change of habit. Tho 
fauns of each izland, peopling, step by step, the nowly- 
raised tracts, would eventually come in contact with the 
fannas of other islands; and some members of these other 
fannas would be unlike anycreatures beforeseen. Herbivores 
meeting with new beasts of prey, would, in somo cases, 
be Jed into modes of defence or escape differing from 
those previously used; and simultaneously the beasts of 
prey would modify their modes of pursuit and attack. 
We know that when circumstances demand it, such changes 
of habit do take place in animals; and we know that if tho 
new habits become the dominant ones, they must eventually 
in some degree alter the organization. Observe now, how- 
ever, further consequence. There must arise not simply a 
tendency towards the differentiation of each race of organ- 
jams into several races; but also a tendency to the occasional 
production of a somewhat higher organism, ‘Taken in 
the mass these divergent varieties which have been caused 
by fresh physical conditions and habits of life, will exhibit 
changes quite indefinite in kind and dogreo; and changos 
that do not necessarily constitute an advance. Probably in 
most cases the modified type will be neither more nor less 
heterogencous than the original onc. In some cases the 
habita of life adopted being simpler than before, a less 
heterogeneous structure will result: there will be a retro- 

But it must now and then occur, that some 
division of # species, falling into circumstances which give 
it rather more complex experiences, and demand actions 
somewhat more involved, will have certain of its organs 
further differentiated in proportionately small degrees,— 
will become slightly more heterogencous, Thus, in the 
nataral course of things, thoro will from timo to time uriso 
an increased heterogeneity both of the Eurth’s flora and 
fauna, and of individual races incladed in them. Omitting 
detailed explanations, and allowing for the qualifications 
which cannot here be specified, we thiuk it is clear that 
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geological mutations have all along tended to complicate 
the forms of life, whether regarded separately or collectively. 
‘The same causes which bave led to the evolution of the 
Earth's crast from the simple into the complex, have 
‘simultaneonsly led to a parallel evolution of the Life npon 
its surface. In this case, as in previous ones, we see that 
the transformation of the homogeneous into the hetero- 
geneous is consequent upon tho universal principle, that 
every active force produces more than one change. 

The deduction here drawn from the established truths of 
geology and the general laws of life, gains immensely in 
weight on finding it to be in harmony with an induction 
drawn from direct experience. Just that divergence of 
many races from one race, Which we inferred must have 
been continually occurring during geologic time, we know 
to have occurred during the pre-historic and historic 
periods, in man and domestic animals. And just that 
multiplication of effects which we concluded must havo 
produced the first, we see has produced the last, Single 
causes, a8 famine, pressure of population, war, have 
periodically led to further dispersions of mankind and of 
dependent creatures: each such dispersion initiating new 
modifications, new varieties of type. Whether all the 
human races bo or be not derived from ono stock, 
philology makes it clear that whole groups of races now 
easily distinguishable from each other, were originally one 
race;—that the diffusion of one race into different climates 
and conditions of existence, hus produced many modified 
forms of it. Similarly with domestic animals, Though in 
some casos—us that of doge—commanity of origin will 
perhaps be disputed, yot in other cases—as that of the 
sheep or the cattle of our own country—it will not bo 
questioned thot local differences of climate, food, and 
treatment, have traneformed one original breed into 
numerous breeds now become so far distinct as to produce 
unstable hybrids. Moreover, through the complication of 
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offecta flowing from singlo causes, we hero find, what wo 
before inferred, not only an increase of general betero- 
geneity, bat also of special heterogeneity. While of the 
divergent “divisions and subdivisions of the human race 
many have undergone changes nob constituting an advance; 
while in some the type may have degraded; in others it 
has become decidedly more heterogeneous. The civilized 
European departs more widely from the vertebrate arche- 
type than doca tho savage. ‘Thus, both tho law and the 
cause of progress, which, from lack of evidence, can be but 
hypothetically substantiated in respect of the earlier forms 
of life on oar globo, can be actually substantiated in 
respect of the latest forms.* 

If the advance of Man towards greater heterogeneity is 
traceable to the production of many effects by one cause, 
still moro clearly may tho advance of Society towards 
greater hoterogencity be so explained. Consider the 
growth of an industrial organization. When, as must 
cecasionally happen, some member of a tribe displays 
unusual aptitude for making an article of general use—a 
weapon, for instance—which was before made by cach 
man for himself, there arises » tendency towards the 

'* Tho axgument conceming organio evolution contained in this paragroph 
and the one preceding i, stands verbatim os it did when first published in 
‘the Westminster eiew tor April, 1857. 1 huro thus left it without the 
alteration of « word that it may chow the view I then held concerning the 
origin of species, ‘Tho sole cause recognized is that of direct adaptation of 
‘constitution to conditions consequent on inheritance of the modifications of 
stroctare rewalting from tise and disuse, There is no reengnition of that 
further ewuse disolceol in Mr. Darwin's work, pablished twoand a half years 
Inter—the indirect adaptation resulting from the natural eolection of favour- 
able variations. ‘The multiplication of effects ix, howorer, equally illas- 
‘trated in whatorer may the adaptation to changing conditions ix aflected, oF | 
if ik i effected in both ways, as I hold. T may add that (here is indicated | 
‘the view that the succession of organic forms ix not sarial but proceods ty | 
‘perpetual divergence and re-divergence—that thore has boen a continual 
“Alvergenee of many races from ono race": each speciva being a * root! 
trom which several other species branch out; and the growth of « tree being | 
‘thos the tmpliod symbol. 
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differentiation of that member into a maker of such weapon. 
Hin companions—warriors and hunters all of them,— 
wovorally fool the importance of having the bost weapons 
that ean bo made; and are therefore certain to offer strong 
indacemonts to this skilled individual to make weapons for 
them, Ho, on the other hand, having not only an unusual 
faoulty, but an unusual liking, for making such weapons 
(the talent and the desire for any occupation being com- 
monly associated), is prodisposed to fulfil cach commission 
on the offer of an adequate reward: especially as his love 
of distinction is also gratified and his living facilitated. 
This first specialization of function, once commenced, tends 
ever to become more decided. On the side of the weapon- 
makor practice gives increased skill—increased superiority 
to his products. On the side of his clients, cessation of 
Practice entails decreased skill, ‘Thus the inflaences which 
determine this division of labour grow stronger in both 
ways; and the incipient heterogeneity is, on the average 
‘of cases, likely to become permanent for that generation if 
no longer, ‘This process not only differentiates the social 
mast into two parts, the one monopolizing, or almost 

ising, the performance of a certain function, and 
the other losing the habit, and in some measure the 
power, of performing that function; bat it tends to initiate 
ether differentiation, The advance described implies the 
iutrodection of barter,—the maker of weapuns bas, on each 
eecasion, to be paid im smch other articles as be agrees to 
take in exchange. He will not habitually take in exchanze 
ene kind of article, but many Kinds. He dces not want mats 
only, et skins, or fishing-gear, bat be wants all these, and 
em each cocasive will bargain for the particular things ho 
woetnecds. What follows? [famong his fellows there ex: 
any dight BBvrwaces of skit in the manafactury of these 
as there are almust sure to do, the weapon- 
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whose mats are superior, and will bargain for the fiehing- 
gear of him who has the best. But he who has barterod 
away his mats or his fishing-genr, must make other mats or 

for himself; and in so doing must, in some 
degree, further develop his aptitude. ‘Thus it results that 
the small specialities of faculty possessed by various mem- 
bers of the tribe, will tend to grow more decided. And 
whother or not thore onsuo distinct differentiations of other 
individaals into makers of particular articles, it is clear that 
incipient differentiations take place throughout the tribe : 
the one original canse produces not only the first dual 
effect, but n number of secondary dual effects, like in kind, 
bat minor in degree, This process, of which traces may be 
seen among schoolboys, cannot well produce lasting effects 
in en unsettled tribo; but where there grows up a fixed 
and multiplying community, such differentiations become 
permanent, and increase with cach generation, The en- 
hanced demand for every commodity, intensifioa the fanc- 
tional activity of each specistized person or class; and 
thix renders the specialization more definite whore it alrendy 
exists, and establishes it where it is but nascent. By in- 
creasing the pressure on the means of subsistence, a larger 
population again augments tlicse results; sccing that each 
person is forced more and more to confine himself to that 
whick he onn do best, and by which he can gain most. 
Presently, under these same stimuli, new occupations arise. 
Competing workers, ever aiming to produce improved 
articles, occasionally discover butter processes or raw 
tiaterials. The substitution of bronze for stone entaila on 
him who first makes it m great increase of demand ; so that 
he or his successor eventually finds all bis time oceupied in 
making the bronze for tho articles he sells, and is obliged 
to depute tho fashioning of theso articles to others; and, 
eventually, tho making of bronze, thus differentiated from 
pre-existing occupation, becomes an occupation by itself. 
But now mark the ramified changes which follow this 


change, Bronze presently replaces stone, not only in the 
articles it was first used for, but in many others—in arms, 
tools, aod ulensile of various kinds: and so affects the 
manufacture of then, Further, it affects the processes 
which those utensila subserve, and the resulting products, 
eomodifies buildings, carvings, personal decorations. Yet 
again, it wots going manufactures which were before im- 
pomible, from lack of o material fit for the requisite imple- 
ments, And all these changes react on the people—increase 
their manipulative skill, their intelligence, their comfort,— 
refine their habite and tastes. Thus the evolution of a 
homogoneous sooloty into a hetorogoneous one, is clearly 
vonnequent on the general principle, that many effects aro 
prodnoed by one cause, 

Apaoce permitting, wo might show how tho localization of 
opecial industries in special parts of a kingdom, as well as 
the minuto subdivision of labour in the making of each 
commelity, are similarly determined. Or, turning to a 
somowhat different ordor of illustrations, wo might dwell 
ow the multitudinous changes—material, intellectual, moral, 
caused by printing; or the further extensive series of 
obungos wrought by gunpowder. But leaving the inter 
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Parliament, the passing Standing Orders Committee, the 
first, second, and third readings: each of which brief heads 
indicates a multiplicity of transactions, and the extra 


brokers; and the creation of sundry athers—as those of 
traffic-takors, referonce-takers. Consider, next, the yot 
more marked changes implied in railway construction—the 
ings, embankings, tunnellings, diversions of roads ; 
the building of bridges and stations, the laying down of 
ballast, sloopers, and rails; the making of enginos, tenders, 
carriages, and waggons: which processes, acting on 
numerous trades, increase the importation of timber, the 
quarrying of stone, the manufacture of iron, the mining of 
coal, the burning of bricks; institute a variety of special 
manufactures wookly advertised in tho Railway Times ; 
and, finally, open the way to sundry new occupations, a4 
those of drivers, stokers, cleaners, plate-layers, ko,, &o. 
And then consider tho changes, atill moro numerous 
and inyolved, which railways in action produce on the 
community at largo. Business agencies are established 
where previously they would not have paid; goods are 
obtained from remote wholesale honsea instead of near 
retail ones; and commodities are used which distance once 
rendered inaccessible. Again, the diminished cost of 
carriage tends to specialize more than over the industries 
of difforent districte—to confine each manufacture to the 
in which, from local advantages, it can be best 
carried on, Further, the fall in freights, facilitating 
distribution, equalizes prices, and also, on tho average, 
lowers prices: thus bringing divers articles within t.. 
means of those bofore unable to buy them, and xo increasing 
their comforts and improying their habits, At the same 
time the practice of travelling is immensely extended. 
ywho nover before dreamed of it, take trips to tho 

Bea; visit their distant relations; make tours; and so we 
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ure benefited in body, feelings, and ideas. The moro 
prompt transmission of letters and of news produces other 
marked chenges—makes the pulse of the nation faster. 
Once more, there arises a wide dissemination of cheap 
literature through railway book-stalls, and of advertisements 
in railway carringes: both of them aiding ulterior progress. 
And the countless changes hero briefly indicated aro 
consequent on the invention of the locomotive engine. The 
social organism has boon rendered more heterngoneaus in 
virtue of the many new occupations introduced, and the 
many old ones further specialized; prices of nearly all 
things in every place have been altered; each trader has 
modified his way of doing business; and every person has 
been affected in his actions, thoughts, emotions. 
Mastrations to the sume effect might be indefinitely 
accumulated, but they are needless. The only further fact 
demanding notice, is, that we here see still more clearly the 
truth before pointed out, that in proportion as the area on 
which any force expends itself becomes heterogeneous, tho 
results are in a yot higher degree multiplied in number and 
kind. While among the simple tribes to whom it was first 
known, caoutchouc caused but few changes, among our- 
solves the changes have been s0 many and varied that tho 
history of them occupies a volame.* Upon the small, 
homogeneous community inhnbiting one of the Hebrides, 
the electric telegraph would produce, were it used, scarcely 
any resalts; but in England the results it produces aro 
maltitudinous. The comparatively simple organization 
under which our ancestors lived five conturies ago, could 
have undergone but fow modifications from an event like 
the recent one at Canton; but now, the legislative decision 
ing itweta up many hundreds of complex modifications, 
each of which will be the parent of numerous future ones. 
aerial have pursued the 
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‘argumentin relation to all the subtler reaults of civilization, 
As before we showed that tho law of progress to which 
the organic and inorganic worlds conform, is also conformed 
to by Language, the plastic arts, Music, &c. ; so might we 
here show that the cause which we have hitherto found to 
determine progress holds in these cases also. Instances 
might be given proving how, in Science, an advance of 
one division presently advances other divisions—how 
Astronomy haa boon immensely forwarded by discoveries 
in Optics, while other optical discoveries havo initiated 
Microscopic Anatomy, and greatly aided the growth of 
Physiology—how Chemistry has indirectly increased our 
knowledge of Electricity, Magnetism, Biology, Geology— 
how Electricity has reacted on Chemistry and Magnetism, 
and hos developed our views of Light and Heat. In 
Literature the same truth might be exhibited in the 
manifold effects of the primitive mystery-play, as origin- 
ating the modern drama, which has variously branched; or 
in the etill multiplying forms of periodical literature which 
havo descended from the first newspaper, and which havo 
severally acted and reacted on other forms of literature 
and on each other. The influence which a new school of 
Painting—as that of the pre-Raffuclites—exercises. upon 
other schools; the hints which all kinds of pictorial arb are 
deriving from Photography ; the complex results of new 
critical doctrines, as those of Mr. Ruskin, might severally be 
dwelt upon az displaying the like multiplication of offects. 
But we venture to think our caso ia alroady mado ont, 
The imperfections of statement which brevity has necessi- 
tated, do not, we believe, invalidate tho propositions laid 
down. ‘The qualifications here and there demanded would 
not, if made, affect the inferences. Though, in tracing the 
genosis of progress, we have frequently spoken of complex 
causes as if thoy were simple ones; it still remains trae 
that such causes are far loss complox than their results, 
Detailed criticisms do not affect our main position, Endless 
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facts go to show that every kind of progress is from the 
homogeneous to the heterogeneous; and that it is so 
because each change is followed by many changes. And 
it is significant that whoro tho facta aro most accessible and 
abundant, there these truths are most manifest. 

However, to avoid committing ourselves to more than is 
yot proved, we must be content with saying that such are 
the Iaw and the cause of all progress that is known to us. 
Should the Nebular Hypothesis ever be established, then 
it will become manifest that the Universe at large, like 
every organiam, was once homogeneous; that as a whole, 
‘and in every detail, it has unceasfngly advanced towards 
greater hetorogoneity. It will be seen that as in oach 
‘event of to-day, 80 from the beginning, the decomposition 
of every expended force into séveral forces has been 
perpetually producing a higher complication; that the 
increase of heterogeneity so bronght aboot ia still going on 
and must continue to go on; and that thus progress is not 
an accident, not a thing within human control, but o 
beneficent necessity. 


A few words mast be added on the ontologien) bearings 
of our argument. Probably not » few will conclude that 
here is an attempted solution of the great questions with 
which Philosophy in all ages has perplexed itsclf, Let 
none thus deceive themeclves. After all that has been 
said, tho ultimate mystery remains jast as it was. The 
explanation of that which is explicable, does but bring out 
into greater clearnoss the inexplicableness of that which 
remains behind. Little as it seems to do so, fearless 
inquiry tends continually to give s firmer basis to all true 
Religion. The timid sectarian, obliged to abandon one by 
one the superstitions boquoathod to him, ond daily finding 
his cherished beliefs more and more shaken, secrotly foars 
that all things may some day be oxplaincd; and has a 
corresponding dread of Science: thus evincing the pro- 
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foundest of all infidelity—the fear lest the truth be bad. 
On the other band, the sincere man of science, content to 
follow whorever the evidence leads him, becomes by each 
new inquiry more profoundly convinced that the Universe 
is an insoluble problem. Alike in the external and tho 
internal worlds, he sees himself in the midst of ceaseless ~ 
changes, of which he can diseover neither beginning nor 
end. If, tracing back tho evolution of things, he allows 
himself to entertain the hypothesis that all matter once 
‘existed in a diffused form, he finds it impossible to conceive 
how this camo to be s0; and equally, if he speculates on 
the future, he'can assign no limit to the grand succession 
of phenomena over unfolding themselves before him. 
Similarly, if he looks inward, he perceives that both 
terminations of the thread of consciousness are beyond his 
grasp: he cannot remember when or how consciousness 
commenced, and he cannot examine the consciousness at 
any moment existing; for only a state of consciousness 
which is already past can bocome the object of thought, 
and never one which is passing. When, sgain, he tarns 
from the succession of phenomena, external or intornal, to 
their essential nature, he is equally at fault. Though he 
may succeed in resolving all properties of objects into 
manifestations of force, he is not thereby enabled to con- 
ceive what force is; but finds, on the contrary, that the 
more he thinks about it, the more he is baffled. Similarly, 
though analysis of mental actions may finally bring bim 
down to sensations as the original matorials out of which 
all thought is woven, he is none the forwarder; for ho 
cannot in the least comprehend sensation. Inward and 
outward things he thus discovers to be alike inscratable in 
their ultimate genesis and nature, He seca that the 
Materialist and Spiritualist controversy is a mere war of 
words; the disputants being equally abeurd—each believ- 
ing he undorstands that which it is impossible for any man 
to understand. In all directions his investigations even- 
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tually bring him face to face with the unknowable; and be 
evor more clearly perecives it to be the unknowable. Ho 
learns at once the greatness and the littloness of human 
intellect—ite power in dealing with all that comes within 
the range of experience ; its impotence in denling with all 
that transcends experience. He feels more vividly than 
any others can feel, the utter incomprehensibleness of the 
simplest fact, considered in itself. He alone truly secs that 
absolute knowledge is impossible. He alone knows that 
under all things there lics an imponetrablo mystery. 





TRANSCENDENTAL PHYSIOLOGY, 


[Birt published fa The National Review for October, 1857, under 
the title of “The Ultimate Laws of Physiology”. The title 
"Transcendental Physiology", which the editor did mot approve, 
seas restored cohen the ersay was re-published with others in 1857.) 


‘Tur title Transcendental Anatomy is used to distinguish 
that division of biological science which treats, nob of the 
structures of individual organisms considered separately, 
but of the general principles of structure common to vast 
and varied groups of organisms,—the unity of plan dis- 
corniblo throughout multitudinous species, gonora, and 
orders, which differ widely in appearance. And here, under 
the head of Transcendental Physiology, we purpose putting 
together sandry laws of development and function which 
hold not of particular kinds or classes of organisms, but of 
all organisms: laws, some of which have not, we belive, 

By way of unobtrusively introducing the goneral reader 
to biological truths of this class, let us begin by noticing 
one or two with which he is familiar, Take first, the 
relation between the activity of an organ and its growth. 
This is a universal relation. It holds, not only of a bone, a 
muscle, o norvo, an organ of senso, a mental faculty; but 
of every gland, every viecus, every clement of the body. It 
is seen, not in man only, but in each animal which affords 
ns adequate opportunity of tracing it. Always providing 
thas the performance of fonction is not so excessive as to 
produce disorder, or to exceed the repairing powers either 
of the system ab large or of the particular agencies by 
which natriment ia brought to the organ,—always providing 
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this, it is n law of organized bodies that, othor things equal, 
development varies as function. On this law are based all 
maxims and methods of right education, intellectual, moral, 
and physical; and when statesmen are wise enough to seo 
it, this law will be found to underlie all right legislation. 

Another truth co-extensive with the organic world, is 
that of hereditary transmission. It is not, as commonly 
sopposed, that hereditary transmission is exemplified merely 
in ro-appearance of the family peculiarities displayed by 
immediate or remote progenitors. Nor doos tho law of 
hereditary transmission comprehend only such more general 
facts as that modified plants or animals become tho parents 
of permanent varioties ; and that new kinds of potatoes, 
new breeds of sheep, new races of men, have been thus 
originated. ‘[hese are bub minor exemplifications of the 
law. Understood in its entirety, the law is that each plant 
or animal produces othera of like kind with itself: the 
likenees of kind consisting not so much in tho repetition of 
individual traits as in the assumption of the same general 
structure, ‘This truth has been mado by daily illustration 
#0 familiar as nearly to have lost ita significance. That 
wheat produces wheat,—that existing oxen are descended 
from ancestral oxen,—that every unfolding organism 
ultimately takes the form of tho class, order, genus, and 
species from which it sprang; is a fact which, by force of 
repetition, bas assumed in our minds the character of a 
necessity. It is in this, however, that the law of hereditary 
transmission is principally displayed ; the phenomena com- 
monly named as exemplifying it being quite subordinate 
manifestations, And the law, as thus understood, is 
universal. Not forgetting the apparent, but only apparent, 
exceptions presented by tho strango class of phonomena 
known as “alternate generation,” the trath that like 
produces like is common to all types of organisms. 

‘Let us take next a universal physiological law of a less 
conspicuous kind. To the ordinary observer, it seems that 
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the multiplication of organisms proceeds in various ways. 
He sees that the young of the higher animals when born 


foster and hatch; that fish deposit spawn and leave it, 
Among plants, ho finds that while in some cases now 
peas peer esis other cases they also 
grow from tubers; that by certain plants layers are sent 
out, take root, and develop new individuals; and that 

many plants can be reproduced from cuttings: Further, in 
Hpsoudai diab neickis covecs-atale food, and the infusoria 


—by a development from the body of the parent of buds 
which, after unfolding into tho parental form, separate and 
lead independent lives. Concerning microscopic forms of 
‘both animal and yogetal life, he reads that the ordinary 
mode of multiplication is by spontancous fission—a splitting 


remarkable are the cases in which, as in the Aphis, an egg 
gives rise to an imperfect female, from which other imper- 
fect females are born viviparously, grow, and in their tarns 
bear other imperfect females ; and so on for cight, ten, or 
more generations, until finally, perfect males and females are 
viviparously produced, But now under all these, and many 
more, modified modes of multiplication, the physiologist finds 
complete uniformity. The starting-point, not only of every 
higher animal or plant, but of every clan of organisms which 
by fission or gemmation have sprung from » single organism, 
is always » spore, seed, or ovum. ‘The millions of infusoria 
or of aphides which, by sub-division or gemmation, have 
proceeded from one individual; the countless plants which 
have been successively propagated from one original plant 





by cuttings or tabers; are, in common with the highest 
creature, primarily descended from a fertilized gorm. And 
in all cases—in the homblest alga as in the oak, in the 
protozoon as in the mammal—this fertilized germ results 
from the union of the contents of two cells, Whother, as 
among the lowest forms of life, these two cells are 
seemingly identical in nature; or whether, as among 
bighor forms, they aro distinguishablo into sporm-cell and 
germ-cell; it remains throughout trae that from their 
combination results the mass out of which is evolved a new 
organism or new series of organisms. That this law is 
without exception we are not prepared to say; for in the 
case of the Aphis certain experiments are thought to imply 
that under special conditions the descendants of an original 
individual may continue multiplying for ever, without 
further fecundation. But we know of no caso whore it 
actually is 80; for although there are certain plants of 
which the soods have never been seen, it is more probable 
that our observations are in fault than that these plants ara 
exceptions. And until we find undoubted exceptions, the 
above-stated induction must stand. Here, then, we have 
waother of the truths of Transcendental Physiology: a 
truth which, so far ns wo know, transcends nl) distinctions 
of genus, order, class, kingdom, and applies to every 
living thing. 

Yet another generalization of like universality expresses 
the process of organie development. To the ordinary 
observer there seems no unity in this, No obvious parallel- 
iam exists between the unfolding of a plant and the 
unfolding of an animal. There is no manifest similarity 
between the development of » mammal, which proceeds 
without break from its first to ite last stage, and that of an 
insect, which is divided into strongly-marked stages—egg, 
larva, pupa, imago. Nevertheless it i now an established 
fact, that all organisms are evolved after one general 
method. At the ontset the germ of every plant or animal 
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is relatively homogeneous; and advance towards maturity 
is advance towards greator hoterogoncity, KEnch organized 
thing commences a3 an almost structureless mass, and 
reaches ita ultimate complexity by tho establishment of 
distinctions upon distinctions,—by the divergenco of tissues 
from tissues and organs from organs. Here, then, we have 
yet another biological law of transcendent generality. 

Having thus recognized the scope of Transcendental 
Physiology as presented in its leading truths, we are 
prepared for the considerations that are to follow, 


And first, returning to the last of the great generaliza- 
* tions above given, let us inquire more nearly how this change 
from the homogeneous to the heterogeneous is carried 
on. Usually it is said to result from successive differentia- 
tions. ‘This, however, cannot be considered a completo 
account of the process, Daring the evolution of an 
organism there occur, not only separations of parte, but 
conlescencos of parts. There is not only segregation, but 
i ‘The heart, at first a simple pulsating blood- © 
vessel, by and by twists upon itself and becamos integrated. 
The bile-cells constituting the rudimentary liver, do not 
merely diverge from the surface of the intestine in which 
they ab first form a simple layer; but they simultancously 
consolidate into a definite organ, And tho gradual con- 
Pere uithete ni other caveats, part ef ihe 
ital process—a part which, though more or less 
by Milne-Edwards and others, does not seem to 

have been included as an essential element in it. 

‘This progressive integration, manifest alike when tracing 
up the several stages passed through by every embryo, 
and when ascending from the lower organic forms to the 
highor, may be most conveniently studied under several 
heads. Let us consider first what may be called longi- 
tudinal integration. 

The lower Annulosa—worms, myriapods, &e—are cha+ 


ee 
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acterized by the great numbers of segments of which they 
rospectively consist, reaching in some cases to several 
bundreds; but as we advance to the higher Annulora—cen- 

_ tipeiles, crustaceans, insects,spiders,—we find these numbers 
greatly reduced, down to twenty-two, thirteen, and even 
fewer; and accompanying this there is o shortening or 
integration of the whole body, reaching its extremo in 
crabs and spiders. Similarly with the development of an 
individnal crustacean or insect. The thorax of a lobster, 
which, in the adult, forms, with the head, one compact box 
containing the viscera, is made up by the union of a number 
of segments which in the embryo were separable. Tho 
thirteen distinct divisions seen in the body of a caterpillar, 
become further integrated in the butterily : several segments 
are consolidated to form the thorax, and the abdominal aeg~ 
ments are more aggregated than they originally were. ‘Tho 
like truth is seen when we pass to the internal organs, In 
the lower annalose forms, and in the larvm of the higher 
ones, the alimentary canal consists either of w tubo that is 
uniform from end to end, or else bulges into a succession of 
stomachs, one to each segment ; but in the developed forms 
there is a single well-defined stomach. In the nervous, 
vascular, and rospiratory systems a parallel concentration 
may be traced. Again, in the developmentof the Vertebrata 
wo have sundry examples of longitudinal integration. Tho 
coalescence of several segmental groups of bones to form 
the skull is ono instance of it, Itis further illustrated in 
the o# coccygis, which results from the fusion of a number of 
condal yertebre. And in the consolidation of the sacral 
vertebra of a bird it is also well exemplified. 

That which we may distinguish as transverse integration, 
‘is well illustrated among the Annulose in the developmont 
of the nervous system. Leaving out thoso simple forma 

do not present distinct ganglia, it is to be observed 
the lower annulose animals, in common with the larva: 








of the higher, are severally characterized by s double 





chain of ganglia running from ond to end of the body; 
whilo in the more advanced annulose animals this double 
chain becomes « single chain. Mr. Newport hos described 
tho course of this concentration in insocts; and by 
Rathke it has been traced in crustaceans. In the early 
stages of the Astacua fluviatilis, or common cray-fish, 
there is @ pair of scparate ganglia to each ring. Of the 
fourteen pairs belonging to the head and thorax, the 
three pairs in advance of the mouth consolidate into one 
mnas to form the brain, or cephalic ganglion. Meanwhile 
out of the remainder, the first six pairs severally unite 
in tho median lino, while tho rost romain moro or lesa 
separate. Of these six double ganglia thus formed, the 
anterior four coalesce into one mass; the remaining two 
coalesce into another mass; and then these two masses 
coulesce into one. Here we see longitudinal and transverse 
integration gomg on simultaneously ; and in the highest cru» 
taceans they are both carried still further. The Vertebrata 
exhibit this tranaverze integration in the development of tho 
geaerative system. The lowest of the mammalis—the Mono 
tremata—in common with birda, have oviducts which towards 
their lower extremities are dilated into cavities severally per- 
formingin an imperfect way the function of auterus. “Intho 
Marsupialia,thervis a closor approximation of the two Iatoral 
sets of organs on the median line; for the oviducts converge 
towards one another and meet (without coalescing) on the 
median lino ; so that their uterine dilatations are in contact 
with cach othor, forming s true ‘double uterus”. . . .Aswo 
agcond the caries of ‘placental ’ mammals, wo find the lateral 
coalescence becoming gradually more and more complete, 

. . - Inmany of the Rodentia, the uterus still remains com- 
plotely divided into two lateral halves; whilst in others, these 
coalesce at their lower portion, forming a rudiment of the true 
*body’ of theuterusinthe Human subject. This partincreases 
at the expense of the lateral ‘cornua’ in the higher Herbivora 
and Carnivora; but even in the lower Quadrumans, the uterus 
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‘is somewhat cloft at its summit.’* And this process of trans+ 
verse integration, which is still more striking when observed 
in its dotails,is uccompanied by parallel though less important 
changes in the opposite sex. Once more; in the increasing 
commissural connexion of the cerebral hemispheres, which, 
though separate in the lower vertebrate, become gradually 
more wnited in the higher, we have another instance, And 
further ones of a different order, but of like genoral 
implication, are supplied by tho vascular system. 

Now ib seems to us that the various kinds of integration 
hore exemplified, which are commonly set down.as so many 
independent phenomena, onght to be generalized, and 
included in the formula describing the process of develop- 
mont. The fact that in an adult crab, many pairs of 
ganglia originally separate have become fused into a single 
mass, is a fact only second in significance to tho difforentia- 
tion of its alimentary canal into stomach and intestine. That 
in the higher Annulosa, a single heart replaces the string 
of rudimentary hearts constituting the dorsal blood-vessel 
in the lower Aunulosa, (reaching in one species to the 
mumber of one hundred and sixty), is a troth as much 
needing to be comprised in the history of evolution, as is 
the formation of a respiratory surface by « branched 
expansion of the skin. A right conception of the genesis 
of a vertebral column, includes not only the differentiations 
from which result tho chorda dorsalie and the vertebral 
segments imbedded in it; bat quite as mach it inclndes tho 
‘coalescence of numerous vertebral processes with their 

ive vortebral bodies. The changes in virtue of 
which several things become one, demand recognition 
equally with those in virtue of which one thing becomes 
several. Evidently, then, the current statement which 
ascribes the developmental progress to differentiatious 
alone, is incomplete. Adoquately to express the facts, wo 


‘* Carpenter's Principles of Comparctive Physictosy. pp. 616-17. 
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mast say that the transition from the homogoncons to 
the heterogeneous is carried on by differontiations and 
‘ing integrations. 

Tt may not be amiss here to ask—What ix the meaning 
of these integrations? The evidence seems to show that they 
are in some way dependent on community of function, The 
eight segments which coalesce to make the head of a 
eentipedo, jointly protect the ccphalic ganglion, and afford 
a rolid fulcrum for the jaws, &c. The many bones which 
unite to form a vertebral skull havo like uses. In the 
consolidation of the several pieces which constitute a 
mammalian pelvis, and in the anchylosis of from ten to 
nineteen vertebra in the sacrum of a bird, we have kindred 
instances of the integration of parts which transfer the 
weight of tho body to the legs, The more or less extensive 
fusion of tho tibia with the fibula and the radius with the 
wine in the ungulated mammals, whore habits require 
only partial rotations of the limbs, is a fact of like 
meaning. And all the instances lately given—the concen- 
fration of ganglia, the replacement of many pulsating 
blood-sacs by fewer and finally by one, the fusion of two 
uteri into a single uterus—have the same implication. 
‘Whether, as in some cases, the integration is merely a 
consequence of the growth which erentually brings into 
contact mijncont parts porforming similar duties ; or 
whether, as in other cases, there is an actual approximation 
of these parts before their union; or whether, as in yet 
other cases, the integration is of that indirect kind which 
arises when, ont of a number of like organs, one, or a 
group, discharges an ever-increasing share of the common 
function, and so grows while the rest dwindle and dis- 
appear;—the general fact remains the same, that there iss 
tendency to the unification of parts having similar daties. 

‘The tendency, however, acts under limiting conditions ; 
‘and recognition of them will explain some apparent excep- 
tions. In the human footus, oa in the lower vertebrata, tho 








72 TRANSCENDENTAL PHYSIOLOGY. 


eyes are placed one on each side of the head. During 
evolution they bocome relatively nearer, and at birth are in 
front; though they aro still, in the Kuropoan infant as in 
the adult Mongol, proportionately further apart than they 
afterwards bocome. But this approximation shows no 
signa of further increase. Two reasons suggest themselves, 
Ono is that the two eyes have not quite the same function, 
since they are directed to slightly-different aspects of 
each object looked at; and, since the resulting binocular 
vision has an advantage over monocular vision, there 
results a check upon further approach towards identity of 
function and unity of structure. The other reason is 
that the interposed structures do not admit of any noaror 
approach. For the orbits of the eyes to be brought closer 
togother, would imply 1 decrease in the olfactory chambers; 
and as those are probably not larger than is demanded by 
their present funotional activity, no decrease can take 
place. Again, if we trace up the external organs of smell 
through fishes,* reptiles, ungulate mammals and unguicu- 
Inte mammals, to mon, wo porceive a general tendency to 
coalescence in the median line; and on comparing the 
savage with the civilized, or tho infant with the adult, wo 
see this approach of the nostrils carried farthest in the 
most perfect of the species, Bat since the septum which 
divides them has the function both of an evaporating 
surface for the lachrymal secretion, and of a ramifying 
enrface for a nerve ancillary to that of smoll, it does not 
disappear entirely: tho integration remains incomplete. 
Theee and other like instances do not however militate 
‘fgainst the hypothesis. They merely show that the 
tendency is sometimes antagonized by other toudencies. 
Boaring in mind which qualification, we may say, that as 


* With the «xception, perhaps, of the Myxinaid fishes, in which what ix 
‘considered os the nasal orifice is single, andon the median line. Bat seving 
how unusual in the position of this orifice, it seems questionable whether it 
Ms the true homologue of the nostrils, 
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Gifferontiation of parts is connected with difference of 
fonction, so there appears to be # connexion between 
integration of parts and sameness of function, 


Closely related to the general trath that the evolution of 
allorganisms is carried on by combined differentiations and 
integrations, is another general truth, which physiologists 
appear not to havo recognized. When we look at tho 
organic world as a whole, we may observe that, on passing 
from lower to higher forms, we pass to forms which are not 
only characterized by a greater differentiation of parts, but 
are at the same time more completely differentiated from 
the surrounding medium. This truth may be contemplated 
under various aspects, 

In the first place it is illnstrated in structure. The 
advance from the homogencous to tho hoterogenoous itself 
involves an increasing distinction from the inorganic world. 
Tn the lowest Protoroa, as some of the Rhizopods, we havo 
s homogenaity approaching to that of nir, wator, or earth ; 
and the ascent to organisms of greater and greater com- 
plexity of structure, is an ascent to organisms which are 
in that respect more strongly contrasted with the relatively 
stractarcloss masses in the environment. 

In form gain we sco the same truth. A general cha- 
Fnoteristio of inorganic matter is its indefinitencss of form, 
and this is also a characteristic of the lower organisms, as 
compared with the higher. Speaking generally, planta are 
Jess definite than animals, both in shape and size—admit 
of greater modifications from variations of position and 
nutrition. Among animals, the Ameba and its allies are 
not only almost structureless, but sre amorphous; and the 
irregular form is constantly changing. Of tho organisms 
resulting from the aggregation of ammba-like creatures, 
we find that while come assume a cortain definiteness of form, 
in their compound shells at least, others, as the Sponges, 
are irregular. In the Zoophytes and in the Polyzoa, we 
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sea compound organiams, most of which have modes of 
growth nob more determinate than those of plants. But 
among the higher animals, we find not only that the mature 
shape of each species is quite definite, but that the indi- 
viduals of each species differ very little in size, 

A parallel increase of contrast is seen in chemical com- 
postion. With but fow exceptions, and those only 
partial ones, the lowest animal and vegetal forms are 
inhabitants of the water; and water is almost their sole 
constituent. Dessicated Protephyta and Protozoa shrink 
into mere dust; and among the acalephes we find 
but a fow grains of solid matter to a pound of water, 
The higher aquatic plants, in common with the higher 
aquatic animals, possessing as they do much greater 
tenacity of substance, also contain a greater propor- 
tion of the organic elements; and eo are chemically more 
unlike their medium. And when we pass to the superior 
classes of organisms—land plants and Jand animals—we 
find that, chemically considered, they have little in common 
either with the earth on which they stand or the air which 
surrounds them. 

In epecific gravity, too, we may note the like. The very 
simplest forms, in common with the spores and gemmules of 
the highor ones, are as nearly as may bo of the same epecifio 
gravity as the water in which they float; and though it 
cannot be said that among aquatic creatures superior 
specific gravity is a standard of goneral superiority, yet we 
may fairly say that the superior orders of them, when 
divested of the appliances by which their specific gravity is 
regulated, differ more from water in their relative weights 
than do the lower. In terrestrial organisms, the contrast 
‘becomes extremely marked. ‘Trocs and plants, in common 
with insects, reptiles, mammals, birds, are all of @ spocitio 
gravity considerably less than the earth and immensely 

ier than the air, 

We see the law similarly fulfilled in respect of temperature. 
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Plants gewmorate but an extremely small quantity of heat, 
which is to be detected only by delicate experiments; and 
practically they may be considered ax being in this respect 
like their environment. Aquatic animals rise very little 
above the surrounding water in temperature: that of the 
invertebrats being mostly leas than'a degree above it, and 
that of fishes not oxcocding it by more than two or three 
dogrecs, eave in the case of some large red-blooded fishes, 
as the tunny, which exceed it by nearly ton dogroes. 
Among insects, the range is from two to ten degrees above 
that of the air: the excess varying according to their 
activity, The heat of reptiles is from four to fifteen 
degrees more than that of their medium. While mammals 
and birds maintain a heat which continues almost unaffected 
by external variations, and is often greater than that of the 
air by seventy, eighty, ninety, and even a hundred dogrecs, 

‘Once more, in greater slf-mobility a progressive differ- 
entiation is traceable. Desd matter is inert: some form of 
independent motion is our most general test of life. 
Passing over the indefinite border-land between the animal 
and vegetable kingdoms, we may roughly class plants as 
organisms which, while they exhibit the kind of motion 
implied in growth, are not only without locomotive power, 
but in nearly all cases are without the power of moving 
their parts in relation to one another; and thus are less 
@ifferentiated from the imorganic world than animals. 
Thongh in those microscopic Protophyta and Protozoa 
inhabiting the water—the spores of algw, the gemmules of 
sponges, and the infusoria gencrally—we see locomotion 
produced by ciliary action; yet this locomotion, while 
rapid relatively to their sizes, is nbsolutely slow. Of the 
Calenterata, a great part are cither permanently rooted or 
habitually stationary, and 20 have scarcely any self-mobility 
‘bat that implied in the relative movements of parts; whilo 
the rest, of which the common jelly-fish serves as s snmplo, 
have mostly but little ability to move themselves through 





tho water. Among tho higher, aquatic Inventebrata,— 
cuttle-fishos ond lobsters, for instance,—there is a very 
considerable power of locomotion; and the aquatic Verte- 
brata are, considered as a class, much more active in 
their movements than the other inhabitants of the wator. 
But it is only when we come to air-breathing creatures that 
we find the vital characteristic of self-mobility manifested 
in the highest degree. Flying insects, mammals, birds, 
travel with volocitios far execeding those attained by any 
of the lower classes of animals; and 20 are more strongly 
contrasted with their inert environments. 

Thus, on contemplating the various grades of organisms 
in their ascending order, we find them more and more distin- 
guished from their inanimate media in structure, in form, 
in chemical composition, in specific gravity, in temperature, in 
eelf-mobility. Ib is truc that this generalization docs nob 
hold with regularity. Organisms which aro in some 
respects the most strongly contrasted with tho inorganic 
world, are in other respecte Jess contrasted than inferior 
organisms. As a class, mammals are higher than birds; 
and yet they are of lower temperature, and have smaller 
powers of locomotion. ‘The stationary oyster is of higher 
organization than the free-swimming medusa; and the 
cold-blooded and less heterogencous fish is quicker in its 
morements than the warm-blooded and more heterogencous 
sloth, But tho admission that the sevoral aspects under 
which this increasing contrast shows itself bear variable 
ratios to one another, does not negative the general trath 
enunciated. Looking at the facts in the mass, it cannot be 
denied that the enccessively higher groups of organisms 
are severally characterized, not only by groater differentia- 
tion of parts, but also by greater differentiation from the 
surrounding medinm in sundry other physical attributes. 
It would seem that this peculiarity hax some necessary 
connexion with superior vital manifestations. One of those 
lowly gelatinous forms which are some of them so tran- 
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sparent and colourless as to be with difficulty distingnishod 
from the water they float in, is not more like its medium in 
chemical, mechanical, optical, thermal, and other propertios, 
than it is in the passivity with which it submits to all the 
actions bronght to bear on it; while the mammal does 
not more widely differ from inanimate things in these 
propertios than it does in the activity with which it meets 
surrounding changes by compensating changes in itself. 
Between these two extremes, we sco a tolerably constant 
tatio between these two kinds of contrast. In proportion 
a8 an organism is physically like its environment it remains 
a passive partaker of the changes going on in its environ- 
ment; while in proportion aa it is endowed with powers of 
counteracting such changes, it exhibits greater unlikeness 
to its environment, 


Thus far wo have proceeded inductively, in conformity 
with established usage; bub it seems to us that mach may 
be done in this and other dopartments of biologic inquiry 
by pursuing tho deductive method, Tho generalizations at 
present constituting the scienve of physiology, both general 
and special, have boon reached a posteriori; but cortain 
fundamental data have now been discovered, starting from 
which we may reason our way @ priori, not only to some of 
the truths that have been ascertained by observation and 
experiment, but aleo to some others. The possibility of 
such @ priors conclusions will be at once recognized on 
considering some familiar casce. 

Chemists have shown that a necessary condition to vital 
activity in animals is oxidation of certain matters contained 
in the bedy either as components or a3 waste products. 
‘The oxygen requisite for this oxidation is contained in the 
surrounding mediam—air or water, as the case may be. Lf 
the organism be minute, mere contact of its external surface 
with the oxygenated modium achioves tho requisite oxida- 
tion; but if the organism is bulky, and so exposes a surface 
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which is small in proportion to its mass, any considerable 
oxidation cannot be thus achieved. One of two things is 
thorefore implied. ithor this bulky organism, receiving 
no oxygen but that absorbed through its integument, must 
possess but little vital activity; or elec, if it possesses 
much vital activity, there must be some extensive ramified 
surface, internal or external, through which adequate 
aeration may take place—a respiratory apparatus. That is 
to say, lungs, or gills, or branchie, or their equivalents, 
are predicable @ priori as possessed by all active creatures 
of any size. 

Similarly with respect to nutriment. There are entozoa 
which, living in the insides of other animals, and being con- 
stantly bathed by nutritive fluids, absorba sufficiency through 
their outer surfaces ; and so have no need of stomachs, and 
donot possess them. But all other animals, inhabiting media 
thatare not in themselves nutritive, but only contain masses 
of food here and there, must have appliances by which these 
masses of food may be utilized. Evidently mere external 
contact of a solid organism with a solid portion of nutriment, 
could not result in the absorption of it in any moderate time, 
fat all. To effect absorption, there must be both a solvent 
or macorating action, and an extended surfaco fit for 
containing and imbibing the dissolved products: there 
mast be a digestive cavity. Thus, given the ordinary 
conditions of animal life, and the possession of stomachs 
by all creatures living under these conditions may be de- 
ductively known. 

Carrying out the train of reasoning still farther, we may 
infer the existence of a vascular system or something 
equivalent to it, in all creatures of any sizo and activity. 
Tn ‘a comparatively small inert animal, such as the hydra, 
which consists of little more than o sac having a double 
wall—an onter layer of cells forming the skin, and an inner 
layer forming the digestive and absorbent surface—there is 
no need for a special apparatus to diffuse through the body 
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the aliment taken up; for the body is little more than a 
wrapper to the food it encloses. But where the bulk ix 
considerable, or where the activity is such as to involve 
much waste and repair, or where both these characteristics 
exist, there is n necessity for o system of blood-vesecls, 
Tt is not enongh that there be adequately extensive aurfaces 
for absorption and aeration; for in the absence of any 
means of conveyance, the absorbed elements can bo of little 
or no use to the organism at large. Evidently there must 
be channels of communication, When, as in the Modus, 
we find these channels of communication consisting simply 
of branched canals opening out of the stomach and 
— through the disk, we may know, a priori, that 

such creatures are comparatively inactive ; seeing that the 
nutritive liquid thus partially distributed thronghout their 
bedies is crude and dilate, and that there is no efficient 
appliance for keeping it in motion. Conversely, when wo 
moet with a creature of considerable sizo which displays 
much vivacity, we may know, a priori, that ib must have 
an spparatus for the unceasing supply of concentrated 
nutriment, and of oxygen, to every organ—a pulsating 
‘yascular system. 

It is manifest, thon, that sotting out from certain known 
fandamental conditions to vital activity, we may deduce 
from them sundry of the chief characteristics of organized 
bodies. Doubtless these known fandamental conditions 
have been inductively established. Bat what we wish to 
show is that, given these inductively-established primary 
facts in physiology, wo may with safety draw certain 

deductions from them. And, indeed, the legitimacy 
‘of such deductions, though not formally acknowledgod, ia 
practically recognized in the convictions of every physio- 
logist, as may be readily proved. Thus, were a physiologist 
to find a creature exhibiting complex and variously 
co-ordinated movements, and yet having no nervous system; 
‘he would be less astonished at the breach of his empirical 





ization that all anch creatures have nervous eystems, 
than at the disproof of his unconscious deduction that all 
creatures exhibiting complex and variously co-ordinated 
movements most have an “internuncial” apparatus by 
which the co-ordination may be effected. Or were he to 
find a creature having blood rapidly circulated and rapidly 
nerated, bub yet showing a low temperature, the proof so 
afforded thnt active change of matter is not, as ho had 
inferred from chemical data, the cause of animal heot, 
would stagger him more than would the exception to a 
constantly-observed relation. Clearly, then, the a priori 
method alrendy plays # part in physiological reasoning. TE 
not ostensibly employed as a means of reaching new traths, 
it iy at least privately appealed to for confirmation of truths 
reached a posteriori. 

But the illustrations above given go far to show, that it 
may to a considerable extent be safely used as an indo- 
pendent instrument of research, The necossitios for a 
untritive system, a respiratory system, and a vasealar 
system, in all animals of size and vivacity, seem to us 
logitimately inferable from the conditions to continued 
Vital activity. Given the physical and chemical data, and 
these structural peculiarities may bo deduced with as much 
certainty «8 may the hollowncss of on iron ball from its 
powor of floating in water. 

It ia not, of courso, assorted that the moro special 
physiological truths can be deductively reached. Tho 
argument by no means implies this. Legitimate deduction 
presupposes adequate data; and in respect to the mpecial 
phenomena of organie growth, structure, and function, 
adequate data aro unattainable, and will probably ever 
remain so. It is only in the case of the more general 
physiological truths, such as those above instanced, whero 
we have eomothing like adequate data, that deductive 


J stage to which the foregoing 








organized bodies, which aro doduciblo from certain still 
more genoral attributes of things. 


Tu an essay on “ Progress: its Law and Canse,” else- 
where published,* we have endeavoured to show that the 
transformation of the homogeneous into the heterogeneous, 
in which all progress, organic or other, essentially consists, 
is consequent on the production of many effects by ono 
canso—many changes by one force. Having pointed out 
that this is a law of all things, we proceeded to show 
doductively that tho maltiform evolutions of the homo- 
geneona into the heterogeneous—astronomic, geologic, 
gthnologic, social, &c.,—were explicable as consequences. 
And thongh in the caso of organic evolution, lack of data 
disabled us from specifically tracing out the progressive 
complication as duo to the multiplication of effects; yet, we 
found sundry indirect evidences that it was so. Now in so 
far as this conclusion, that organic evolution results from 
the decomposition of each expended force into several forces, 
was inferred from the general law previously pointed out, 
itwas an oxample of deductive physiology. ‘The particular 
was concladed from the universal, 

We here propose in the first place to xhow, that there is 
another general truth closely connected with the above; 
and in common with it underlying explanations of all 
Progress, and therefore the progress of organisms—a trath 
whieh may indeed be considered as taking precedence of it 
in respect of time, if not in respect of generality. This 
truth is, that the condition of homogeneity is a condition of 
unstable 

‘hus hrase-onstable syuilidriun ia ono ust in mechanics 


“In the Watminiter Revier for April, 1807; and now reprinted in 
‘this volume. 
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to express a balance of forces of such kind, that the intor- 
ference of any further force, however minute, will destroy 
the arrangement previously existing, and bring about a 
different arrangement. Thus, a stick poised on ita lower 
end is in unstable equilibrium: however exactly it may be 
placed in a perpendicular position, as soon as it is left to 
iteelf it begins, at first imperceptibly and then visibly, to 
lean on one side, and with increasing rapidity falls into 
another position. Conversely, a stick enspended from its 
upper end is in stable equilibrium: however much distarbed, 
it will return to the same position, Our meaning is, then, 
that the state of homogeneity, like the state of the stick 
poised on its lower end, is one that cannot be maintained ; 
and that hence results the first step in its gravitation 
towards the heterogeneous. Lot us take a few illustrations, 

Of mechanical ones the most fomiliar is that of tho 
teales, If accurately made and not clogged by dirt or rust, 
@ pair of scales cannot be porfectly balanced: eventually 
one seale will descend and the other ascend—they will 
assume a heterogencous relation. Again, if we sprinkle 
over the surface of a liquid a number of equal-sized 
particles, having an attraction for one another, they will, 
no matter how uniformly distributed, by and by concentrate 
irregularly into groups. Were it possible to bring a mass 
of water into a state of perfoct homogencity—a state of 
complete quiescence, and exactly equal density throughout 
—yet the radiation of heat from neighbouring bodies, by 
affecting differently its different parts, would soon produce 
inequalitios of density and consequent currents; and would 
so render it to that extent heterogeneous. Tako a piece of 
red-hot matter, and however evenly heated it may at first be, 
it will quickly cease to be so : the exterior, cooling faster than 
the interior, will become different in temperature from it, 
And the lapse into hetorogoncity of tomperature, so obvious 
in this extreme case, is evor taking place moro or less in all 
cases, ‘The actions of chemical forces supply other illus 
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trations. Expose a fragment of metal to air or water, and 
in course of time it will be conted with a film of oxide, 
carbonate, or other compound : its onter parts will become 
unlike its inner parts. Thus, every homogeneous aggregate 
‘of matter tonds to lose its balance in some way or other— 
either mechanically, chemically, thermally or electrically; 
and the rapidity with which it Inpses into a non-homo- 
gencous state is simply a question of time and circumstances. 
Social bodies illustrate the law with like constancy. Endow 
the members of a community with equal properties, 
positions, powers, and they will forthwith begin to slide 
into inequalities. Be it in # representative assembly, 
railway board, or a private partnership, the homogeneity, 
though it may continue in name, inevitably disappears 
in reality, 

Tho instability thus variously illustrated becomes still 
more manifest if we consider its rationale, It is consequent 
‘on the fact that tho several parts of any homogeneous mass 
are necessarily exposed to different forees—forces which 
differ either in their kinds or amounts; and being exposed 
to different forces they are of necessity differently modified. 
The relations of outside and inside, and of comparative 
nearness to neighbouring sources of influence, imply the 
reception of influences which are unlike in quantity or 
quality or both; and it follows that unlike changes will be 
wrought in tho parts dissimilarly acted upon. The unstable 
equilibriam of any homogeneous aggregate can thus be 
shown both inductively and deductively. 

And now let us consider the bearing of this general 
froth on the evolution of organisms. The germ of a plant or 
enimal is one of these homogencous aggregates—relatively 
homogeneous if not absolutely so—whose equilibrium is 
unstable. But it has not simply the ordinary instability of 
homogeneous tes: it has something more, For it 
consists of units whieh are themselves specially characterized 
by instability. ‘The constituent molecules of organic matter 











are distinguished by the feebleness of the affinities whic] 
hold their component elements together. They are extreme) 
sensitive to heat, light, electricity, and the chemical action 
of foreign elements; that is, they are peculiarly linblo t 
be modified by disturbing forces. Hence thon it follows, ; 
priori, that m homogeneous aggregate of these unstabl; 
jmolecules will have an excessive tendency to lose it 
equilibrium. It will have a quite special liability to laps! 
into a non-homogencous state. It will rapidly gravitaty 
towards heretogeneity. 

Moreover, the process must repeat itself in each of th) 
subordinate groups of organic units which are differentiate: 
by the modifying forces, Each of these subordinate groups 
liko the original group, must gradually, in obedience to th: 
influences acting on it, lose its balance of parte—mus 
pass from a uniform into a multiform state. And « 
‘on continuously. 

‘Thus, starting from the general laws of things, and thi 
known chemical attributes of organic matter, we maj 
conclade deductively that the homogeneous germs 0, 
organisras have a peculiar proclivity towards a non-homo 
geneous stato; which may bo either the state we cal 
decomposition, or the state we call organization. 


Ab present we have reached a conclusion only of thi 
most general nature. We merely learn that some kind oi 
hetorogencity is inevitable; but as yet there is nothing & 
toll us what kind. Besides that orderly heterogeneity 
which distinguishes organisms, there is the disorderly o1 
chaotic heterogenoity, into which a loose mass of inorganii 
matter lapses; and at present no reason has been giver 
why the homogeneous germ of a plant or animal should no! 
Inpse into the disorderly instead of the orderly hetero. 
geneity. Bot by pursuing still further the line of argumen! 
hitherto followed we shall find a reason. 

Wo have scon that the instability of homogencou 


Sggregates in general, and of organic ones in particular, is 
consequent on the various ways aad degroos in which their 
constitaent parte are exposed to the disturbing forces 
brought to bear on them: thoir parts are differently acted 
‘upon, and therefore become differont. Manifestly, then, a 
rationale of the special changes which a germ undergoes, 
aust be sought in the particular relations whieh its several 
parts bear to each other and to their environment. How- 
ever it may be masked, we may suspect the fundamental 
principle of organization to be, that tho mony like units 
forming a germ acquire those kinds and degrees of 
unlikenogs which their rospoctive positions entail. 
Take a mass of unorganized but organizable matter— 
either the body of one of the lowest living forms, or the 
germ of one of the higher. Consider its circumstances. It 
is immersed in water or air; or it is contained within a 
parent organism. Wherever placed, however, its outer 
and inner parts stand differently related to surrounding 
existences—nutriment, oxygen, and the various stimuli, 
But this is not all. Whether it lies quicecent st the bottom 
of the water, whether it moves through the water presorving 
somo dofinite attitude, or whether it is in the inside of an 
adult; it equally results that certain parts of its surfice 
are more directly exposed to surrounding agencies than 
other parta—in some cases more exposed to light, heat, or 
oxygen, and in others to the maternal tissucs and their 
contents. The destruction of its original equilibrium is 
therefore certain. It may take place in one of two ways. 
Either the disturbing forces may be such as to overbalance 
the affinities of the organic elements, in which caso there 
results that chaotic heterogeneity known as decomposition ; 
or, a8 is ordinarily the case, such changes are induced as 
do not destroy the organic compounds, but only modify 
them: the parts most exposed to the modifying forces 
boing most modified. Hence result those first differentintions 
which constitute imcipiont organization. From tho point 
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of view thus reached, suppose we look at a few cases t 
neglecting for the present all consideration of the tendency 
to assume the inherited typo. 

Note first what appear to be exceptions, as the Amaba 
In this creature and its allies, the substance of the jelly- 
like body remains throughout life unorganized: 
no permanent differentiations. But this fact, which seems 
directly opposed to our inference, is renlly one of the most 
significant evidencos of its truth. For what is the peculiarity 
of the Rhizopods, exemplified by the Amaba? They undergo 
perpetual and irregular changes of shape—they show no 
persistent relations of parts. What lately formed a portion 
of the interior is now protruded, and, as a temporary limb, 
is attached to some object it happens to touch. What is 
now a part of tho surface will presently be drawn, along 
with the atom of nutriment sticking to it, into the centre 
of the mass. Thus there is an unceasing interchange of 
places; and the relations of inner and outer have no 
settled existence. But by the hypothesis, it is only in 
yirtue of their unlike positions with respect to modifying 
forces, that the originally-like units of a living mass become 
unlike. We must not therefore expect any established 
difforentiation of parts in creatures which exhibit no 
established differences of position in their parts. 

This negative evidence is borne out by abundant positive 
evidence. When we turn from these ever-changing specks 
of living jelly to organisms haying unchanging distributions 
of substance, we find differences of tissue corresponding 
to differences of relative position, In all the higher 
Protozoa, as nlso in the Profophyta, we mect with » fundae 
mental differentiation into cell-membrane and cell-contents, 
answering to that fundamental contrast of conditions 
implied by the words outside and inside. And on passing 
from what are roughly classed as unicellular organisms to 
the lowest of those which consist of aggregated cella, wo 
equally observe the connexion between structural differences 
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and differences of circumstance. In the spongo, permeated 
throughout by currents of sea-water, the absence of definite 
organization corresponds with the absence of definite 
unlikeness of conditions. In the Thalassicolla of Professor 
Haxley—a transparent, colourless body, found floating 
passively at tho surface of the sea, and consisting essentially 
of “a mass of cells united by jelly”—there is displayed 
® rude stracture obviously subordinated to tho primary 
relations of centre and surface: im all of ita many and 
important varieties, the parts exhibit a more or less concen- 
tric arrangement. 

After this primary modification, by which the outer 
tissues are differentiated from the inner, the next in order 
of constancy and importance is that by which some part of 
the outer tissues is differentiated from the rest; and this 

with the almost universal fact that some part 
of the outer tiseues is more directly exposed to certain 
environing influences than the rest. Here, as before, the 
‘apparent exceptions are extremely significant, Some of 
the lowest vegetable organisms, as the Mematococet and 
Protecocei, evenly imbedded in a mass of mucus, or dis« 
persed through the Arctic snow, display no differentiations 
of surface: the several parts of the surface being subjected 
to no definite contrasts of conditions. The Thalassicolla 
above mentioned, unfixed, and rolled about by the wayes, 
presonts all its sides successively to the same agencies; and 
all its sides are alike. A ciliated sphere like the Volvos 
as no parts of its periphery unlike othor parts; and it is 
not to be expected that it should have; seeing that ns it 
revolves in all directions, it does not, in traversing the 
‘water, permanently exposc any part to special conditions, 
But when wo come to creatures that are cither fixed, or 
while moving, severally preserve a definite attitude, we no 
longer find uniformity of surface. The gemmule of a 
Zoophyte, which during its locomotive stage is distinguish- 
able only aie outer and inner tissues, no sooner takes root 





than its npper end begins to assume a different structure 
from its lower, ‘The freeawimming embryo of an aquatic 
annelid, being ovate and not ciliated all over, moves with 
one end foremost; and its differentiations proceed in 
conformity with this contrast of circumstances, 

‘Tho principle thus disployed in the humbler forms of life, 
ia tracouble during the development of the higher; though 
‘being here s00n masked by the assumption of the hereditary 
type, it cannot be traced far. Thus the “malberry-mass” 
into which a fertilized ovum of a vertebrate animal first 
resolves itself, soon begins to exhibit a difference between 
the outer and inner parts answering to the difference of 
circumstances, The peripheral cells, after reaching a moro 
complete development than the central ones, coulesce into 
nm membrano enclosing the rest; and thon tho colis lying 
next to these outer ones become aggregated with them, and 
increase the thickness of the germinal membrane, while the 
central cells liquefy. Again, ono part of the germinal 
membrane presently becomes distinguishable as the 
germinal spot; and without asserting that the cause of 
this is to be found in the unlike relations which tho 
respective parts of the germinal membrane bear to envi- 
roning influences, it ia clear that we have in these unlike 
zelations an element of disturbance tending to destroy the 
original homogeneity of the germinal membrane. Further, 
the germinal membrane by and by divides into two layers, 
internal and external ; the one in contact with the liquefied 
interior part or yelk, tho other exposed to the surrounding: 
fluids: this contrast of cxrcumstances boing in obvious 
correspondence with the contrast of structures which 
follows it. Once more, the subsequent appearance of the 
vascular layer between these mucous and serous Inyers, aa 
they have been named, admits of a like interpretation. 
‘And in this ond the various complications which now begin 
to show themselves, wo may see coming into play that 
general law of the maltiplication of effects flowing from one 


canse, to which the increase of heterogeneity was else- 
where ascribed.* 

Coafining our remarks, as we do, to the most general facts 
‘of development, we think that some light is thas thrown on 
them. That the unstable equilibrium of » homogencous 
germ muat be destroyed by the unlike expoeure of its several 
units to surrounding influences, is an @ priori conclusion, 
And it seems also to be an @ priori conclusion, that the 
several units thus differently acted upon, most either be 
decomposed, or must undergo such modifications of nature 
as may enable them to live in the respective circumstances 
they are thrown into: in other words—they must either dio 
or become adapted to their conditions. Indeed, we might 
infer as much without going through the foregoing train of 
reasoning. The suporficial organic units (be thoy tho outer 
cells of a “ mulberry-maes,” or be they the outer molecules 
of an individual cell) must assume tho function which their 
position necessitates; and assuming this function, must 
aoquire such character as performance of it involves. The 
layer of organic units lying in contact with the yelk must 
be those through which the yelk is absorbed; and so must 
be adapted to the absorbent office, On this condition‘only 
does the process of organization appear possible. Wo 
might almost say that just as eome race of animale, which 
multiplios and spreads into divers regions of the earth, 
becomes differentiated into several races through the 
adaptation of each to its conditions of life ; so, the originally 
homogeneous population of cells arising in a fertilized 
germ-cell, becomes divided into several populations of 
cells that grow unlike in virtue of the unlikenoss of 
their circumstances. 

Moreover, it ie to be remarked in further proof of our 
position, that it finds its clearest and most abundant 
illustrations where the conditions of the case are the simplest 


See Essay on “Progress: its Law and Cause." 
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and most general—where the phenomena are the least 
involved: we mean in the production of individual cells. 
The structures which presently ariee round nuclei in a 
blastema, and which have in some way been determined by 
those nuclei as centres of influence, evidently conform to 
the law; for the parts of the blastema in contact with the 
nuclei are differently conditioned from the parts not in 
contact with them. Again, the formation of a membrane 
round each of the masses of granules into which the 
endochrome of an alga-cell breaks up, is an instance of 
analogous kind. And should tho recently-asserted fact 
that cells may arise round vacuoles in 8 mass of organizablo 
substance, be confirmed, another good example will be 
farnished; for such portions of substance as bound theso 
vacant spaces are subject to influences unlike these towhich 
other portions of the substance are subject, IE then we 
can most clearly trace this law of modification in these 
primordial processes, as well as in those moro complox but 
analogous ones exhibited in the carly changes of an 
ovum, we havo etrong reason for tlinking that the law 
is fundamental, 

But, as alrondy moro than once hinted, this principle, 
mnderstood in the simple form here presented, supplies no 
key to the detailed phenomena of organic development. Ib 
fails entirely to explain generic and specific peculiarities ; 
and leaves us equally in the dark respecting those moro 
important distinctions by which families and orders aro 
marked out. Why two ova, similarly exposed in the same 
pool, should become the one a fish, and the other a reptile, 
it cannot tell us, That from two different eggs placed 
under the same hen, should respectively como forth a 
duckling and ® chicken, is a fact not to be accounted 
for on tho hypothesis above developed. Here wo aro 
obliged to fall back upon the unexplained principle 
of hereditary transmission. The capacity possessed by an 
unorganized germ of unfolding into a complex adult which 


a 





repeats ancestral traits in minute dotails, and that even 
when it has been placed in conditions unlike those of its 
ancestors, is m capacity impossible for ux to understand. 
‘That a microseopic portion of seemingly structureless matter 
should embody an influence of such kind, that the resulting 
man will in fifty years after become gouty or insane, is a 
trath which would bo incredible were it not dnily illustrated. 
Bat though the manner in which hereditary likeness, in all 
its complications, is conveyed, is a mystery passing com- 
prehension, it is quite conceivable that it is conveyed in 
subordination to the law of adaptation above explained ; 
and we are not without reasons for thinking that it is so, 
Various facts show that ncquired peculiarities resulting 
from the adaptation of constitution to conditions, aro trans- 
missible to offepring. Such acqnired peculiarities consist 
of differences of structure or composition in one or more of 
the tissues. That is to say, of the aggregate of similar 
organic units composing a germ, the group going to the 
formation of m particular tissue, will take on the special 
character which the adaptation of that tissue to new cir- 
cumstances had produced in the parents. We know this 
to be a general law of organic modifications, Further, it 
is the only law of organic modifications of which we have 
any evidence* It is not imponsible then that it is the 
universal law; comprehending not simply those minor 
modifications which offspring inherit from recent ancestry, 
bat comprehending also those larger modifications dis- 
tinctive of species, genus, order, closs, which they inherit 
from antecedent races of organisms. And thus it may be 
that the law of adaptation is the sole Jaw; prosiding not 
only over the differentiation of any race of organisms into 
several races, but also over the differentiation of the race 
‘of organic mits composing a germ, into the many races of 
Organic unils composing an adult. So understood, the 


© This was written before the pudlicntion of the Origin of Specter. I 
leave it standing because it ehows the stage of thought then arrived at, 





92 ‘TRANSCENDENTAL PITTSIOLOGY. 


process gone through by every unfolding organism will 
consist, partly in the direct adaptation of its elements to 
their several circumstances, and partly in the assumption 

» of characters resulting from analogous adaptations of the 
elements of all ancestral organisms. 

But oar argument does not commit as to any such far~ 
reaching spoculation as this; which we introduce simply 
as snggested by it, not involved. All wo are here con- 
cerned to show, is, that the deductive method aids us in 
interpreting some of the more general phenomena of de- 
velopment. That all homogeneous aggregates are in 
unstable equilibriam is a universal trath, from which is 
dedacible the instability of every organic germ. From the 
known sensitiveness of organic compounds to chemical, 
thermal, and other disturbing forces, wo further infer the 
untwual instability of every organic germ—a pronencss far 
beyond that of other homogeneous aggregates to lapse into 
a heterogeneous state. By the same line of reasoning wo 
are led to the additional inference, that the first divisions 
into which a germ resolves itself, being severally in w state 
of unstable equilibrium, are similarly prone to undergo 
farther changes; and so on continuously. Moreover, we 
have found it to be equally an a priori conclusion, that as, 
in all other cases, the loss of homogeneity is duo to the 
@ifferent degroes and kinds of force brought to boar on 
the different parts; 80, in this case too, difference of cir 
‘cumstances is the primary cause of differentiation. Add 
to which, that as the several changes undergono by tho 
Seapettive parts thus diversely acted upon, are changes 
which do not destroy their vital activity, they must bo 
ekanges which bring that vital activity into subordination 
to the incident forces—they mast be adaptations; and the 
like must be in some scnso trac of all the subsequent 
changes. Thos by deductive reasoning wo get somo 
insight into the method of organization. However unable 
we are, aud probably ever shall be, to comprehend the 
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way in which a germ is made to take on the special form 
of its race, we may yet comprehend the general principles 
which regulate its first modifications; and, remembering 
the unity of plan so conspicuous throughout nature, we 
may suspect that theso principles are in some way concerned * 
in succeeding modifications. 


A controversy now going on among zoologists, opens yet 
another field for the application of the deductive method. 
We believe that the question whether there does or does 
not exist a necessary correlation among the several parts of 
‘an organism is determinable @ priori. 

Cuvier, who first asserted this nocossary correlation, 
professed to base his restorations of extinct animals apon 
it. Gooffroy St. Hilnire and De Blainville, from different 
points of view, contested Cuvier’s hypothesis; and the 
discussion, which nx much interest us bearing on palvon- 
tology, has been recently revived under a somewhat 
modified form: Professors Huxley and Owen being re 
spectively the assailant and defender of the hypothesis, 

Cuvier snys— Comparative anatomy possesses a principle 
whose just development is sufficiont to dissipate all 
difficulties; it is that of the correlation of forms in 
organized beings, by means of which every kind of 
organized being might, strictly speaking, be recognized by 
a fragment of any of its parts. Every organized being 
constitutes a whole, a single and complete system, whose 
parts mutually correspond and concur by their reciprocal 
reaction to the same definite end. None of these parts can 
be changed without affecting tho others; and consoquently 
each taken separately, indicates and gives all the rest.” 
He then gives illustrations: arguing that the carnivorous 
form of tooth necessitating a certain action of the jaw, 
implies a particular form in its condyles; implies also 
limbs fit for seizing and holding prey; therefore implies 
claws, a certain structure of the leg-bones, a certain form 





of shoulder-blade. Summing up he says, that “the claw, 
tho seapula, the condyle, the femur, and all the other 
bones, taken separately, will give the tooth or one another; 
and by commencing with any one, he who had a rational 
conception of the laws of the organic economy, could 
reconstruct the whole animal.” 

It will be soon that tho method of restoration here con- 
tonded for, is based on the alleged physiological necessity 
of the connexion between these several peculiarities. Tho 
argument used is, not that a scapula-of a certain shape 
may be recognized as having belonged to a carnivorous 
mammal because we always find that carnivorous mammals 
do possess such scapulas; but the argument is that they 
must possess them, because carnivorous habits would be 
impossible without them. And in the above quotation 
Cuvier asserts that the necessary correlation which he 
considers so obvious in theso cases, oxista throughout the 
system: admitting, however, that in consequence of our 
limited knowledge of physiology we are unable in many 
casos to trace this necessary correlation, and are obliged to 
base our conclusions upon observedcoexistences,of which we 
do not understand the reason, but which we find invariable, 

Now Professor Huxloy has recently shown that, in tho 
first place, this empirical method, which Cuvier introduces 
‘as quite subordinate, and to be used only in nid of the 
rational method, is really the method which Cuvier 
habitually employed—the so-called rational method re- 
maining practically a dead letter; and, in tho second 
place, bo has shown that Cuvier himself has in several 
places so far admitted tho inapplicability of the rational 
method, as virtually to surrender it as a mothod. But 
more than this, Professor Huxley contends that the alleged 
necessary correlation is not true. Quite admitting the 
physiological dependence of parts on cach other, he denies 
eae roe sta kind shiph cond not be other- 

th of @ lion and the stomach of the 
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animal are in such relation that the one is fitted to digest 
the food which the other can tear, they are physio- 
logically correlated; but we have no reason for affirming 
this to be s necessary physiological correlation, in the 
sense that no othor could oqually fit its possessor for living 
on recent flesh. The number and form of the teeth might 
have boon quite different from that which we know them 
to be, and the construction of the stomach might have 
eon greatly altered; and yet the functions of these organs 
might have been equally well performed.” 

Thus much is needful to give an ides of the controversy. 
It is not here our purpose to go moro at length into the 
evidence cited on cither side. We simply wish to show 
that the question may be settled deductively. Boforo 
going on to do this, however, let us briefly notice two 
collateral points. 

Tn his defence of the Cuvierian doctrine, Professor Owen 
avails himself of the odium theologicum. He attributes to 
his opponents “the insinuation and masked advocacy of the 
doctrine subversive of a recognition of the Higher Mind.” 
Now, ssying nothing about the questionable propriety of 
thus projadging an issuo in science, wo think this is an 
unfortunate accusation. What is there in the hypothesis 
of néeestary, a8 distinguished from actual, correlation of 
parts, which is particularly in harmony with 'Theism? 
Maintenance of the necessity, whether of sequences or of 
coexistenoes, is commonly thought rather a derogation from 
dive power than otherwise, Cavicr says—* None of these 
parta can be changed without affecting the othora; and 
consequently, cach taken separately, indicates and gives all 
the rest.” That is to say, in the nature of things the 
correlation could not have been otherwise. On the other 
hand, Professor Huxley says we have no warrant for 
asserting that the correlation could not have been otherwise; 
but have not @ little reason for thinking that the same 
physiological ends might have been differently achieved, 





‘The ono doctrine limits the possibilities of crestion; the 
other denies the implied limit. Which, then, is most open 
to the charge of covert Atheism ? 

On the other paint we lean to the opinion of Professor 
Owen. Wo agree with him in thinking that where a 
rational correlation (in the highest sense of the term) can 
be made out, it affords a better basis for deduction than 
an cmpirical correlation ascertained only by accumulated 
observations. Premising that by rational correlation is nob 
meant one in which we can trace, or think we can trace, a 
design, but one of which the negation is inconceivable (and 
this is the species of correlation which Cuvier’s principle 
implies) ; then we hold that our knowledge of the correlation 
is of a more certain kind than where it is simply inductive. 
Wo think that Professor Huxley, in his anxiety to avoid 
the error of making Thought the measure of Things, does 
not sufficiently bear in mind tho fact, that as our notion of 
necessity is determined by some absolute uniformity 
pervading all orders of our experiences, it follows that an 
organic correlation which cannot be conceived otherwise, is 
gruarantoed by a much wider induetion than one ascertained. 
only by the observation of organisms. But the trath is, 
that there are relatively few organic correlations of which 
the negation is inconceivable. If we find the skull, 
yertebrw, ribs, and phalanges of some quadruped as large 
as an elephant; we may indeed be certain that the logs of 
this quadruped were of considerable size—much largor 
than those of a rat; and our reason for conceiving this 
correlation as necessary, is, that it is based, not only upon 
our experiences of moving organisms, but upon all our 
mechanical experiences relative to masses and their supports. 
But even were there many physiological correlations really 
of this order, which there are not, there would be danger in 
pursuing this lino of reasoning, in consequence of the 
liability to include within the class of truly necessary 
correlations, those which are not such. For instance, there 
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would seem to be # necessary correlation between the eye 
and the surface of the body: light being needful for vision, 
it might be sapposed that every cyo must be external. 
Nevertheless it is a fact that there are creatares, a3 the 
Cirrhipadia, having eyes (not very efficient. onos, it may 
be) deeply imbedded within the body, Again, a neceseary 
correlation might be assumed between the dimensions of the 
mammalian uterus and those of the pelvis, It would appear 
impossible that in any species there should exist a well- 
developed uterus containing a full-sized fetus, and yeb 
that the arch of the pelvis should be too small to allow 
the fastus to pass. And were the only mammal having a 
very small pelvic arch, a fossil one, it would have beon 
inferred, on the Cnviorian mothod, that the fotus must 
have been born in a rudimentary state; and that the uterus 
must have been proportionally small. But there happens 
to bean extant mammal having an undeveloped pelvis— 
the mole—which presents us with a fact that saves us from 
this crroncous inference. The young of tho mole are not 
born through the pelvic arch at all; but in front of it! 
‘Thus, granting that some quite direct physiological correla~ 
tions may be necessary, we seo that thore is great risk of 
inclading among them some which are not. 

With rognrd to the great mass of the correlations, 
however, including all the éndirect ones, Professor Huxley 
seems to us warranted in denying that they are necessary ; 
and we now propose to show deductively tho truth of his 
thesis. Let us begin with an analogy. 

Whoovor has boon through an extensive iron-works, has 
geen & gigantic pair of shears worked by machinery, and 
nsed for entting in two, bars of iron that are from time to 
time thrust beiween its blades. Supposing these blades to 
be the only visible parts of the apparatus, anyone observing 
their movements (or rather the movement of one, for the 
other is commonly fixed), will sce from the mannor in 
which tho anglo increases and decreases, and from the 





curve described by the moving extremity, that there must 
‘be gome centre of motion—either a pivot or an external 
‘box equivalent to it. This may be regarded as a necessary 
correlation, Moreover, he might infer that beyond tho 
centre of motion the moving blade was produced into = 
lever, to which the power was applied; but as another 
arrangement is just possible, this could not be called 
anything more than a highly probable correlation. If 
now he went a step furthor, and asked how tho reciprocal 
movement was given to the lever, he would perhaps 
conclude that it was given by a crank. But if ho knew 
anything of mochanics, he would know that it might 
possibly be given by an eccentric. Or again, he wold 
know that the effect could be achieved by a cam. That is 
to say, he would see that there was no necessary correlation 
between the shears and the remoter parts of the apporatas. 
Take another case. Tho plate of » printing-press is 
required to move up and down to the extent of an inch or 
80; and it must oxert its greatest pressure when it reaches 
the extreme of its downward movement. If now anyone 
will look over the stock of a printing-press maker, he will 
see half a dozen different mechanical arrangements by 
which these ends are achieved ; and a machinist woald tell 
him that os many more might readily be invented. If, 
then, there is no nocessary correlation between the 
special parts of a machine, still less is there between 
those of an organism. 

From a converse point of view the same truth is mani- 
fost. Bearing in mind tho above analogy, it will be 
foreseen that an alteration in one part of an organism will 
not necessarily entail some one specific set of alterations in 
the other parts. Cuvier says, “ None of these parts can be 
without affecting the others; and consequently, 
separately, indicates and gives all the rest.” 
those propositions may pass, bat the second, 
alleged follows from it, is not truo; for it 
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implies that “all the rest” can be severally affected in 
only one way and degree, whereas they can be affected in 
many ways and degrees. To show this, we must again 
have recourse to a mechanical analogy. 

If you set # brick on end and thrust it over, you can 
prodict with certainty in what diroction it will fall, and 
what attitude it will assume. If, again setting it up, you 
put another on the top of it, you cnn no longer foresee with 
accurncy the results of an overthrow ; and on repeating the 
experimont, no matter how much care is taken to place the 
bricks in the same positions, and to apply the same degree 
of force in the same direction, the effects will on no two 
occasions be exactly alike. And in proportion as the 
aggregation is complicated by the addition of new and 
unlike parts, will the results of any disturbance become 
more varied and incalculable. The like trath is curiously 
illustrated by locomotive engines. It is a fact familiar to 
mechanical engineers and engino-drivers, that out of a 
namber of engines built as accurately as possible to the 
game pattern, no two will act in just the same manner. 
Each will havo its peculiarities. The play of actions and 
reactions will so far differ, that under like conditions each 
will behave in » somewhat different way; and every driver 
has to learn the idiosyncrasies of his own engine before he 
can work it to the greatesb advantage. In organisms 
thomsclves this indofinitencss of mechanical reaction is 
clearly traceable. Two boys throwing stones will always 
differ more or Jess in their attitudes, as will two billiard. 
players. Tho familiar fact that each individual has a 
characteristic gait, illustrates the point still better. ‘The 
rhythmical motion of the leg is simple, and on the Cavierian 
hypothesis, should react on the body in some uniform way. 
But in consequence of those slight differences of structure 
which consist with identity of species, no two individunls 
make exactly similar movements cither of the trunk or the 





arms. There is always a peculiarity recognizable by 
their friends, 

When we pass to disturbing forces of a non-mechanical 
kind, the same trath becomes still more conspicuous. Expose 
several porsons to a drenching storm; and while one will 
subsoquently feel no appreciable inconvenience, another 
will have a cough, another a catarrh, another an attack of 
diarrhas, another a fit of rheumatism. Vaccinate several 
children of the same age with the same quantity of virus, 
applied to the sume part, and the symptoms will not be 
quite alike in any of them, either in kind or intensity; and 
in some cases the differences will be extreme. The quantity 
of alechol which will send onc man to sleep, will render 
another unusually brilliant—will make this maudlin, ond 
that irritable. Opium will produce either drowsiness or 
wakefulness : so will tobacco. 

Now im all these cases—mechanical and other—some force 
is brought to bear primarily on one part of an organism, 
and secondarily on the rest; and, according to the doctrine 
of Cuvier, the rest ought to be affected in a specific way. 
We find this to be by no menns the case, The original 
change produced in ono part doos not stand in any necessary 
correlation with every one of the changes produced in the 
other parts ; nor do these stand in any necessary correlation 
with one another. The functional alteration which the 
disturbing force causes in the orgun directly acted upon, 
does not involve some particwlar set of functional alterations 
in tho other organs; but will be followed by some one 
out of various sete. And it isa manifestcorollary, that any 
siructural alteration which may eventually be producod in 
the one organ, will not be accompanied by some particular 
set of structural alterations in the other organs. ‘There will 
be no necoasary correlation of forms. 

Thos Paleontology must depend apon the empirical 
method. A fossil species that was obliged to change its 
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food or habits of life, did not of necessity undergo the 
particular seb of modifications exhibited ; but, under some 
slight change of predisposing causes—as of season or 
latitude—might have undergone some other seb of 
modifications : the determining circumstance being one 
which, in the human sense, we call fortuitous. 

May we not say then, that the deductive method elucidates 
this vexed question in physiology; while at tho same time 
our argument collaterally exhibits the limits within which 
“the deductive method is applicable. For while we seo that 
this extremely general question may be satisfactorily dealt 
with deductively; the conclusion arrived at itself implies 
that the more special phenomena of organization cannot be 
80 dealt with. 


There is yet another method of investigating the general 
traths of physiology—a method to which physiology already 
owes one luminons ides, but which is not at present formally 
recognized a8 8 method. We refer to the comparison of 
physiological phenomena with social phenomena. 

‘The analogy between individual organisms and the social 
organism, is one that has from early days occasionally 
forced itself on tho attention of the observant. And though 
modern science does not countenance thoee crude ideas of 

this analogy which have boen from time to time expressed 
since the Greeks flourished ; yet it tends to show that there 
is an anslogy, anda remarkable one. While it ix becoming 
clear that there are not those special parallelisma between 
the constituent parts of s man and those of a nation, which 
have been thought to exist; it is alzo becoming clear that 
the general principles of development and structure din- 
played in organized bodies are displayed in societies also. 
The fundamental characteristic both of societies and of 
living creatures, is, that they consist of mutually-dependent 
parts; and it would seem that this involves # community of 
yarious other characteristics. Those who are acquainted 
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with the broad facta of both physiology and sociology, are 
beginning to recognize this correspondence not as a plansible 
fancy, but as scientific trath. And we are strongly of 
opinion that it will by and by be seen to bold to an extent 
which few at present suspect. 

Meanwhile, if any such correspondence exists, it is clear 
that physiology aud sociology will more or less interpret 
each other. Ench affords its special facilities for inquiry. 
Relations of cause and effect clearly traceable in the social 
organism, may lead to the search for analogous ones in the” 
individual organism ; und muy so elucidate what might else 
be inexplicable. Laws of growth and function disclosed 
by the pure physiclogist, may occasionally give us the clue 
to certain social modifications otherwise difficult to under- 
stand. If they can do no more, the two sciences can at 
least exchange suggestions and confirmations; and this 
will be no small aid. The conception of “the physiological 
division of labour,” which political economy has already 
supplied to physiology, is one of no small value. And 
probably it has others to give. 

In support of this opinion, we will now cite cases in 
which such nid is furnished. And in the first place, let us 
see whothor tho facts of social organization do not afford 
additional support to some of the doctrines set forth in the 
foregoing parts of this article. 

One of the propositions supported by evidence was that 
in animals the process of development is carried on, not by 
differentiations only, but by subordinate integrations, Now 
in the social organism we may see the same duality of 
process; and further, itis to be observed that the integrations 
are of the same three kinds, Thus we have integrations 
which arixe from the simple growth of adjacent parts that 
perform like functions : as, for instance, the coalescence of 
Manchester with its calico-weaving suburbs. We have 
othor integrations which arise when, ont of several places 
producing a particular commodity, one monopolizes more 
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and more of the business, and leaves the reet to dwindle: 
witness the growth of the Yorkshire cloth-districts at the 
expense of those in the west of England ; or the absorption 
by Staffordshire of the pottery-mannfnctare, and the 
consequent decay of the establishments that once flourished 
at Worcester, Derby, and elsewhere. And we have those 
yet other integrations which result from the actual approxi~ 
* mation of the similarly-occupied parts; whence result such 
facta as tho concentration of publishcra in Paternoster 
Row, of lawyers in the Temple and neighbourhood, of 
corn-merchants about Mark Lane, of civil enginoors in 
Great George Street, of bankers in the centre of the city. 
Finding thus that in the evolution of the social i 
in the evolution of individual organisms, there are 
integrations as well as differentiations, and moreover that 
these integrations are of the seme threo orders; we have 
additional reason for considering these integrations as 
essential parts of the developmental procesa, needed to be 
included in its formula, And further, the circumstance 
that in the social organiem these integrations are deter~ 
mined by community of fonction, confirms the hypothesis 
that they are thus determined in the individual organism. 
Again, we endeavoured to show deductively, that the 
contrasts of parts first seen ix all unfolding embryos, are 
consequent upon the contrasted circumstances to which 
such parts aro exposed; that thus, adaptation of consti- 
tution to conditions is the principle which determines their 
primary changes; and that, possibly, if we ineludo under 
the formula hereditarily-transmitted adaptations, all sub- 
sequent differentiations may be similarly determined. 
Well, we neod not long contemplate the facts to see 
that some of the predominant social differentiations are 
brought about in an analogous way. As the members of an 
originally-homogeneous community maltiply and spread, 
the gradual separation into sections which simultaneously 
takes placo, manifestly depends on differences of local 
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circumstances. ‘Those who happen to live near eome place 
chosen, porhaps for its centrality, as one of periodical 
assemblage, become traders, and a town springs up; those 
who live dispersed, continue to hunt or cultivate the earth ; 
those who spread to the sen-shore fall into maritime occu- 
pations. And each of these classes undergoes modifications 
of character fitting to its function. Later in the process of 
social evolution these local adaptations aro groatly multi- ~ 
plied. In virtue of differences of soil and climate, the raral 
inhabitants in different parts of the kingdom, have their 
occupations partially speciulized; and are respectively 
distinguished as chiefly producing cattle, or sheep, or 
wheat, or oats, or hops, or cider. People living whero 
coul-fields are discovered become colliers; Cornishmen 
take to miming becanse Cornwall is metalliferous; and 
the iron-manufacture ia the dominant industry where 
ironstone is plentiful. Liverpool has assumed the office of 
importing cotton, in consequence of its proximity to the 
district where cotton goods are made; and for analogous 
reasons Hull has become the chief port at which foreign 
wools are bronght in. Even in the establishment of 
breweries, of dye-works, of slate-quarries, of brick-yards, 
we may see the samo trath. So that, both in general and 
in detail, these industrial specializations of the social 
organism which characterize acparate districts, primarily 
depend on local circumstances. Of the originally-similar 
units making up the social mass, different groups assume 
the different functions which their respective positions 
entail; and become adapted to their conditions. Thus, 
that which we concluded, a priori, to be the lending cause 
of organic differentiations, we find, a posteriori, to be the 
leading cause of social differentiations, Nay further, as 
we inferred that possibly the embryonic changes which aro 
not thus directly caused, are caused by hereditarily-trans- 
mitted ndaptations; so, we may actually see that in 
embryonic societies, such changes as are not due to direct 
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adaptations, sre in tho main traceable to adaptations 
originally undergone by the paront society. ‘The colonies 
founded by distinct nations, while they are alike in ex- 
hibiting specializations caused in the way above deseribod, 
grow unlike in so far as thoy. take on, more or less, the 
organizations of the nations they sprang from. A French 
settlement does not develop exactly after the same manner 
as on English one; and both assume forms different from 
those which Roman settlements assumed. Now the fact that 
thodifferentintion of sociotiosis determined partly by thedirect 
afaptation of their units to local conditions, and partly by 
the transmitted influence of like adaptations andorgone by 
ancestral societies, tends strongly to enforce the conclusion, 
otherwise reached, thet the differentiation of individual 

similarly results from immediate adaptations 
compounded with ancestral adaptations. 

From confirmations thus furnished by sociology to phy- 
siology, let ws now pass to suggestion similarly furnished. 
A factory, or other producing establishment, or a town 
mado up of such establishments, is an agency for claborating 
some commodity consumed by socicty at large; and may 
be regurded as analogous to a gland or viscus in an indi- 
vidual organism. If we inquire what is the primitive mode 
in which one of these producing establishments grows up, 
we find it to be this. A single worker, who himself sells 
the produce of hie labour, is the germ. His business 
increasing, he employs helpers—his sons or others; and 
having dono this, be becomes a vondor not only of his own 
handiwork, bat of that of others. A furthor increase of 
lis business compels him to multiply his assistants, and his 
sale grows so rapid that ho is obliged to confine himself to 
the process of selling: he ceases to be o producer, and 
becomes simply a channel through which the produce of 
others is conveyed to the public. Should his prosperity 
rise yet higher, he finds that ho is unable to manage even 
tho sale of his commodities, and has to employ others, pro- 


—— 
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bably of his own family, to aid him in solling ; so that, to 
him as a main channel are now added eubordinate channels. 
Moreover, when there grow up in one place, as a Manchester 
or a Birmingham, many establishments of like kind, this 
process is carried still further. There arise factors and 
buyers, who are the channels through which is transmitted 
the produce of many factories; and we believe that pri- 
marily these factors wete manufacturers who undertook to 
dispose of the produce of smaller houses as well as their 
own, and ultimately becamo salesmen only, Under a con- 
veree aspoct, all the stages of thia developmont have been 
within these fow years exemplified in our railway con- 
tractors. There are sundry men now living who illustrate 
the whole process in their own pertons—men who were 
originally navvies, digging and wheeling; who then under- 
took some amall sub-contract, and worked along with those 
they paid; who presently took larger contracts, and em- 
ployed foremen ; and who now contract for whole railways, 
and let portions to sub-contractors. That is to say, wo 
have men who were originally workers, but have finally 
become the main channels out of which diverge secondary 
channels, which again bifurcate into the subordinate chan- 
nels, through which flows the money (representing the 
nutriment) supplied by society to the actual makers of the 
railway, Now it seems worth inquiring whether this is not 
the original course followed in the evolution of scoreting 
and excreting organs in an animal. We know that such is 
the process by which the liver is developed. Out of tho 
group of bile-cells forming the germ of it, some centrally- 
placed ones, lying next to the intestine, are transformed 
into ducts through which the secretion of the peripheral 
bile-cella is poured into the intestine; and as the peripheral 
bile-cells multiply, there similarly arise secondary ducts 
emptying themselves into the main ones ; tertiary ones into 
these; aud so on. Recent inquirics show that the like is 
the case with the lungs,—that the bronchial tubes arc thus 
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formed. But while analogy suggests that this is tho 
original mode in which such organs are developed, it at the 
same time suggests that this does not necessarily continue 
to be the mode. For as wo find that in the social organism, 

nt ing establishments are no longer commonly 
developed throagh theseriesof modifications above described, 
but now mostly ariso by the direct transformation of a 
number of persons into master, clerks, foremen, workers, 


organic units into the destined structure, without any tran- 
Sitional structures being passed through. ‘That there are 
organs thus formed is an ascertained fact; and the addi. 
tional question which analogy suggests is, whether tho 
direct method is substituted for the indirect method. 

Sech parallelisms might be multiplied. And were it 
possible here to show in detail the close correspondence 
between the two kinds of organization, our case would be 
geen to have abundant support. But, as it is, these fow 
illustrations will eufficiently justify the opinion that study 

. of organized bodies may be indircetly furthered by study 
of the body politic. Hints may be expected, if nothing 
more. And thus we ventare to think that the Inductive 
Method, usually alone employed by most physiologists, may 
nob only derive important assistance from the Deductire 
Method, but may farther be supplemented by the Socio- 
logical Method, 


' 
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[First published in The Westminster Review for July, 1858, Tw 
explanation of rundry passages, it svems needful to state that this 
exeny was written in defence of the Nebular Hypothesis at a tinea 
when i had fallen into disrepute, Hence there are some opinions 
‘apoken of as current which ara no longer current.) 


Txquimia into the pedigree of an idea is not a bad means 
of roughly estimating its value. ‘To have come of rospoct- 
able ancestry, is primd facie evidence of worth in a belief 
as in a person; while to be descended from a discreditable 
stock is, in the one case as in the other, an unfavourable 
index. The analogy is not a mere fancy. Beliefs, together 
with those who hold them, are modified little by little in 
successive generations; and as the modifications which 
Snecessive generations of the holders undergo do not de- 
stroy the original type, but only disguise and refine it, so 
tho accompanying alterations of belief, however much they 
purify, leave behind tho essenco of the original belief. 

Considered genealogically, the received theory respecting 
the creation of the Solar System is unmistakably of low 
origin. You may clearly trace it back to primitive mytholo- 
gies. Its remotest ancestor is the doctrine that the celestial 
bodies are porsonsges who originally lived on the Earth— 
a doctrine still held by some of the negroes Livingstone 
visited. Scioneo having divested the sun and planots of 
their divine personalities, this old idea was succeeded by 
tho idea which even Kepler entertained, that the plancts 
are guided in their courses by presiding spirits : no longer 
themselves gods, they are still severally kept in their orbits 
by gods. And when gravitation came to dispense with 
these celestial stooramon, there was begotten a belief, less 
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gross than its parent, but partaking of the eame essential 
nature, that the planets were originally launched into their 
orbits by tho Croator’s hand, Evidently, though much 
refined, the anthropomorphiem of the current hypothesis is 
inherited from the aboriginal anthropomorphism, which 
described gods as a stronger order of men. 

There is an antagonist hypothesis which does not 
propose to honour the Unknown Power manifested in the 
Universe, by such titles as “The Master-Builder,” or “The 
Gront Artificer ;” but which regards this Unknown Power 
ag probably working after a method quite different from 
that of human mechanics, And the genealogy of this 
hypothesis is as high as that of tho other is low. It is be- 
gotten by that ever-enlarging and ever-strengthening belief 
inthe presence of Law, which accumulated experiences have 
gradually produced in the human mind. From genera 
tion to generation Science has been proving uniformities 
of rolation among phenomona which wero before thought 
either fortuitous or supernatural in their origin—has been 
showing an established order and a constant causation 
where ignorance had assumed irregularity and arbitrariness. 
Each farther discovery of Law has increased the prosump= 
tion that Law is everywhere conformed to. And hence, 
among other beliefs, has arisen the belief that the Sclar 
System originated, nob by manufacture but by evolution. 
Besides its abstract parentage in those grand general con- 
ceptions which Science has generated, this hypothesis has 
@ concrete parentage of tho highost character, Based aa 
it ix on tho law of universal gravitation, it may claim for 
ita remote progenitor the great thinker who established 
that law. It was first suggested by one who ranks high 
among philosophers. The man who collected evidence 
indicating thatastars result from the aggregation of diffused 
matter, was tho most diligent, careful, and original 
astronomical observer of modern times, And the world 
has not seen a more learned mathematician than the man 
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who, setting out with this conception of diffused matter 
concentrating towards its centre of gravity, pointed out the 
way in which there would arise, in the course of its con- 
centration, a balanced group of sun, planets, and satellites, 
liko that of which the Earth is » member. 

‘Thus, even wore there but little direct evidence assign- 
able for the Nebular Hypothesis, the probability of its 
truth would be strong. Its own high derivation and the 
low derivation of the antagonist hypothesis, would 
together form 2 weighty reason for accepting it—ab any 
rate, provisionally. But the direct evidence assignable for 
the Nebular Hypothesis is by no means little. It is far 
greater in quantity, and more varied in kind, than is com- 
monly supposed. Much has been said here and there on 
this or that class of evidences; but nowhere, so far as wo 
know, have all the evidences been fully stated. We pro- 
pose hero to do somothing towards supplying the deficiency: 
believing that, joined with the a priori reasons given above, 
the array of a posteriori reasons will leave little doubt in 
the mind of any candid inquirer. 

And first, let us address ourselves to those recent dis~ 
coveries in stellar astronomy which have been supposed to 
conflict with this celebrated speculation, 


When Sir William Herschel, directing his great reflector 
to various nebulous spots, found them resolvable into clus- 
ters of stars, he inferred, and for a time maintained, that 
all nebulous spots are clusters of stars exceedingly remote 
from us. But after years of conscientious investigation, he 
concluded that “there were nebulosities which are not of 
starry nature;” ond on this conclusion was based his 
hypothesis of a diffused luminous fluid which, by its 
eventual aggregation, produced stars. A telescopic power 
much excooding that used by Herschol, has enabled Lord 
‘Rosse to resolve some of the nebulw previously unresolved ; 
and, returning to the conclusion which Herschel first 
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formed on similar grounds but afterwards rejected, many 
astronomers hove assumed that, under sufficiently high 
powers, every nebula would be decomposed into stars— 
that the irresolvability is dae solely to distance. The 
hypothesis now commonly entertained is, that all nobule 
are galaxies more or loss like in naturo to that immodiately 
surrounding us; but that they are so inconceivably remote 
ns to look, throngh ordinary telescopes, like small faint 
spots. And not a few have drawn the corollary, that by 
the discoveries of Lord Rosse the Nebular Hypothesix bus 
been disproved. 

Now, even supposing that those inferences respecting 
the distances and natures of the nebulw are valid, they 
loave tho Nebular Hypothosis substantially a3 it was 
Admitting that each of these faint spots is a tideseal 
system, so far removed that its countloss stars give leas 
light than one small star of our own sidoreal system ; the 
wdinixsion ix in no way inconsistent with the belief that 
stars, and their attendant planets, havo been formed by the 
aggregation of nebulous matter. Though, doubtless, if 
the existence of nebulous matter now in course of concen- 
tration bo disproved, one of the evidences of the Nebular 
Hypothesis is destroyed, yot tho remaining evidences 
romain. It is a tenable position that though nebular cou- 
densation is now nowhere to be seen in progress, yet it was 
onee going on universally. And, indeed, it might be 
argued that the still-continued existence of diffused nebu- 
lons matter is scarcely to be expected; serving that the 
causes which have resulted in the aggregation of ono 
ianas, must have been acting on all masses, ind that hence 
the oxistonce of masses not aggregated would bo a fact 
calling for explanation. Thos, gronting the immediate 
conclusions suggosted by these recount disclosures of the 
six-foet reflector, the corollary which many have drawn is 
inadmissible. 

But these conclusions may be successfully contested. 

6 
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Receiving them though we have been, for yoars past, as 
established truths, a critical examination of the facts has 
convinced us that they are quite unwarrantable. Thay 
involve so many manifest incongruities, that we have been 
astonished to find men of science entertaining them, evea 
as probable, Let us consider these incongruities, 


In the first place, mark what is infcrable from tho dis- 
tribution of nebulm. 

“The spaces which precede or which follow simple nebula,” says Arago, 
and d fortiors, groups of nebnlm, contain generally few stars, Herschel 
found this role to bo invariable, ‘Thus every time thot daring a short 
interval no star approached in virtue of the diurnal motion, to place itself 
in the flold of his motionless tolescopo, he war accustomed to eay to the 
seoretary who nmsisted him,— Prepare to writos nebulmare about toarrive,"" 

How does this fact consist with the hypothesis that 
nebulw are remote galaxies? If there were but one nebula, 
it would be a curious coincidence were this one nebula so 
placed in the distant regions of space, as to agree in direc- 
tion with a starless spot in our own sidereal system. If 
there were but two nebula, and both were so placed, the 
coincidence would be excessively strange. What, then, 
shall we say on finding that thoro aro thousands of nobula 
#0 placed? Shall wo believe that in thousands of cases 
these far-romoyed galaxies happen to agree in their visible 
Positions with the thin places in our own galaxy ? Such» 
belief is impossible. 

Still more manifest does the impossibility of it become 
when we consider the general distribution of nebulm. 
Besides again showing itsolf in the fact that “ the poorest 
rogions in stars are noar the richest in nebula,” the law 
ubove specified applioa to the heavens as a whole, In 
that zone of celestial space whore stars aro excossively 
abundant, nebole are rare; while in the two opposite 
colsstial spaces that are furthest removed from this zone, 
uebul are abundant. Scarcely any nebulw lie near the 
galactic circle (or plane of the Milky Way); and the 





THE NEBULAR HYPOTHESES. 18 


freat mans of thom lie round tho gulactic poles. Can this 
also be mere coincidence? When to tho fact that tho 
general mass of nebulw are antithetieal in position to the 
general mass of stars, we add the fact that local regions of 
nebalw are regions where stars are scarce, and the farther 
fact that single nebulm are habitually found in compara- 
tively sturless spots; docs not the proof of a physicul 
connexion become overwhelming? Should it nob require 
an infinity of evidence to show that nebulw are not parts 
of our sidereal system? Lot us soe whether any such 
infinity of evidence is assignable. Let us see whether there 
is even a single alleged proof which will bear examination. 

As seen through colossal telescopes,” says Humbolt, ‘the contemplation 
of sheen nebulous masses lends ux into regions from whence a ray of light, 
‘accomting to an assumption not wholly improbable, requires millions of yours 
4 resch our earth—to distances for whose ineasurement the dimensions (the 
‘Gistance of Sirius, or the calculnted distances of the binary stars in Cygnus 
‘snd the Centaur) of oar nearest stratum of fixed stars searcely suffice." 

Tn this confused sentence there is implied a belief, that 
the distances of the nebulm from our gulaxy of stars as 
much transcend tho distances of our stars from one 
another, as these interstellar distances transcend the 
dimensions of our planctary system. Just as the diameter 
of the Earth’s orbit, is a mere point when compared with 
the distance of our Sun from Sirius; so is the distanco 
of our Sun from Sirius, 2 more point when compared 
with the distance of our gulaxy from those far-removed 
galaxies constituting nebulm. Observe the consequences 
of this assumption. 

Tf one of these supposed galaxics is so remote that its 
distance dwarfs our interstellar spaces into points, and 
therefore makes the dimensions of our whole sidereal 
syatem rolatively insignificant; doca it not inevitably 
follow that the telescopic power required to resolve this 
remote galaxy into stars, must be incomparably greater 
than the telescopic power roquired to resolve the whole 
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visible if taken twelve hundred times further off! 
ll we accept this implication ? or shall we not rather 
otielude that the nebule are not remote galaxies? Shall 
re not infer that, be their uature what it may, they must 
‘at least as near to us as the extremities of our own 
ereal system ? 
ughout the above argument, it is tacitly assumed 
t differences of ‘apparent magnitude among the stars, 
mainly from differences of distance, On this 
ion the current doctrines respecting the nebulm are 
ed; and this assumption is, for the nonce, admitted 
each of the foregoing criticisms. From the time, how- 
ever, when it was first made by Sir W. Herschel, this 
i _ assumption has been purely gratuitous; and it now 
to be inadmissible. But, awkwardly enough, its 
“froth and ite untruth aro alike fatal to the conclusions of 
those who argue after the manner of Humboldt. Note 
the alternatives. 
On the one hand, what follows from the untrath of the 
i assumption? If apparent largeness of stars is not dae to 
comparative nearness, and their successively smaller sizes 
totheir greater and greater degrees of remoteness, what 
becomes of the inferences respecting the dimensions of our 
sidereal system and the distances of nebule? If, aa bas 
lately been shown, tho almost invisible star 61 Cygni 
has a greator parallax than a Cygni, though, according to 
an estimate based on Sir W. Herschel’s assumption, it 
should be about twelve times more distant—if, as it turns 
out, there exist telescopic stars which are nearer to ua 
than Sirius; of what worth is the conclusion that the 
nebuls are very remote, because their component luminous 
masses are made visible only by high telescopic powers ? 
Clearly, if the most brilliant star in the heavens ond a 
star that cannot be seen by the naked eye, prove to be 
equidistant, rolative distances cannot be in the least 
inferred from relative visibilities. And if #0, nobulm may 
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be comparatively near, though the starlets of which they 
are made up appear extremely minute. 

On the other hend, what follows if the trath of the 
assumption be granted? The arguments used to justify 
this assumption in the case of the stars, equally justify it 
in the ense of the nebule. Ib cannot be contended that, 
on the average, the apparent sizes of the stars indicate 
their distances, without its being admitted that, on the 
average, the apparent sizes of the nebulw indicate their 
distances—that, generally speaking, the larger are the 
nearer and the smaller are the more distant, Mark, now, 
tho necessary inference respecting their resolvability. 
The largest or nearest nebula will be most easily resolved 
into stars; the successively smaller will be successively 
moro difficult of resolution; and the irresalvable ones will 
be the smallest ones. This, however, is exactly the 
reverse of the fact. The lnrgest nebula are either wholly 
irresolyable, or but partially resolvable under the highess 
telescopic powers; while large numbers of quite small 
nebulw are easily resolved by far less poworfal telescopes. 
‘An instrument through which the great nebula in Andro- 
moda, two and a half degrees long and one degree broad, 
appears merely aa a diffused light, decomposes a nebula of 
fifteen minutes diameter into twenty thousand starry points. 
At tho same time that the individual stars of a nebula eight 
minutes in diameter are so clearly seen as to allow of their 
number being estimated, m nebula covering an area five 
hundred times as great shows no stars at all! What 
poesible explanation of this can be given on the 
current hypothesis? 

Yot a further difficulty remains—one which is, perhaps, 
still more obviously fatal than the foregoing. ‘Thix diff 
culty is presented by the phenomena of the Mayellanic clouds. 
Describing the larger of these, Sir John Herschel says :— 

“Tha Nudooula Major, like the Minor, consists partly of lange tracts and 
iNl-datined patches of irrolvable nebula, and of nebulosity in every stayo of 
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resolution, up to perfectly reaolved stars like tho Mitky Way, a also of 
rregulat and irregular aebale properly a0 called, of globular elurters in overy 
‘slage of resolvability, and of clustering groups oufliclently Insulated and 
under the designation ot ‘clusters of stars’ "—Cope 


wach exaggertod, nor that of its remoter much enfecbled, by thelr difference 
of distance; yet within this globalar space, we have collected upwards of six 


the tenth to such as by thelr multitade and minutoness constitate irrosolwablo 
noebulosity, extending over tracts of many square degrees. Ware there but 
‘ene such abject, it might bo maintained vithout utter improbability that its 
apparent sphericity is only an effect of foreshortening, und that in reality a 


eighth moagnitede and irrecolvable nebula muy co-exist within mits of 
Gsianco not differing in proportion more than as nine to ten."—Outlines of 
Astronomy (10th Vid.), pp. 656-57. 

This supplies yot another reductio ad absurdum of the 
doctrine we are combating. It gives us tho choico of two 
ineredibilities. If we are to believe that one of these 
included nebulw is so remote that its hundred thousand 
stars look like a milky spot, invisible to the naked oye; 
we must also believe that there are single stars so enormous 
that though removed to this same distance they remain 
visible, If wo accopt the othor alternative, and say that 
many nebulw are no further off than our own atara of tho 
eighth magnitude; then it is requisite to eay that at o 
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distance not greater than that at which a single star is still 
faintly visible to the naked eye, there may exist a group of 
a hundred thousand stars which is invisible to the naked 
eye. Neither of these suppositions can be entertained. 
What, then, is the conclusion that remains? ‘This only: 
—that the nebulw are not farther from us than parte of our 
own gidereal systom, of which they must be considered 
members; and that when thoy are resolvable into discrote 
masses, these maases cannot be considered as stars in any- 
thing like the ordinary sens of that word.* 

And now, having seen the untenability of this idea, 
rashly espoused by sundry astronomers, that the nebula 
are extremely remote galaxios; let us consider whether tho 
yarious appearances they prosent are not reconcilable with 
the Nebular Hypothesis. 


Given a rare and widely-diffused mass of nebulous matter, 
having a diameter, say, of onc hundred times that of the 
Solar System,t what are the successive changes that may 
bo expected to take place in it? Mutual gravitation will 
approximate its atoms or its molecules; but their approxi- 
mation will be opposed by that atomic motion the resultant 
of which wo recognize as repalsion, and the overcoming 
of which implies the evolution of heat. As fast as this 
heat partially escapes by radiation, furthor approximation 
will take place, attended by further evolution of heat, and 
#0 on continuonsly: the processes not occurring separately 
as hero doscribod, but simaltanconsly, nninterruptedly, and 
with increasing activity, When the nebulous mass has 


* Sinco the publication of this essay the late Mr. T. A. Proctor has given 
various farther reasons for the conclusion that the nebdulw belong to our 
‘own rideroal sysiem. ‘The opposite conclusion, contested throughout the 
foregoing section, has now been tacitly abandoned. 

+ Any objection made to the extrema tennity this involves, ie met by the 
ealoalation of Newton, who proved that wero o spherical inch of air removed 
four thousand miles from the Barth, is would eapand into o sphere more 
than filing the orbit of Saturn, 
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reached » particular stage of condensation—when its 
internally-situated atoms have approached to within certain 
distances, have generated a certain amount of heat, and 
are subject to a certain matual pressure, combinations may 
be anticipated. Whether the molecules produced be of 
kinds such as we know, which is possible, or whethor thoy 
be of kinds simpler than any we know, which is more 
probable, matters not to the argamont. It suffices that 
molecular unions, either between atoms of the same kind 
or between atoms of different kinds, will finally take place. 
When they do take place, they will be sccompanied by a 
sudden and great disengagement of heat; and until this 
exoess of heat has escaped, the newly-formed molecules will 
romain uniformly diffused, or, as it were, dissolved in the 
pre-existing nebulous modium, 

But now what may be expected by and by to happen ? 
When radiation has adequately lowered the temperature, 
those molecules will precipitate; and, having precipitated, 
they will not remain uniformly diffused, bat will aggregate 
into floceuli; just as water, precipitated from air, collects 
into clonds. Concluding, thus, that o nebulous mass will, 
in course of time, resolve itself into floceuli of precipitated 
denser matter, floating in the rarer modium from which 
they were precipitated, let us inquire what are the mechan- 
ical results to be inferred. Of clustered bodies in empty 
space, each will move along a line which is the resultant 
of the tractive forces exercised by all the rest, modified 
from moment to moment by the acquired motion; and the 
aggregation of such clustered bodies, if it eventually 
resuits at all, can result only from collision, dissipation, and 
the formation of a resisting modium. But with clustered 
bodies already immersed in 6 resisting medium, and 
especially if such bodios are of small densities, such ag 
those we sre considering, the process of concentration will 
begin forthwith: two factors conspiring to produce it, 
The flocculi described, irregular in their shapes and pre- 
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senting, as they must in nearly all cases, unsymmetrical 
faces to their lines of motion, will be deflected from those 
courses which matual gravitation, if uninterfered with, 
would produce among them; and this will militate against 
that balancing of movements which permanence of the 
cluster pre-supposes. If it be said, as it may truly be 
said, that this is too trifling a cause of derangement to 
produce mach effect, then there comes the more important 
cause with which it co-operates. The medium from which 
the floceuli have been precipitated, and through which they 
are moving, must, by gravitation, be rendered denser in 
its eontrul parts than in its peripheral parts. Hence the 
floceuli, nono of them moving in straight lines to the 
common centre of gravity, bat having courses made to 
diverge to one or other side of it (in small degrees by the 
cause just assigned, and in much greater degrees by 
the tractive forces of other flocculi) will, in moving towards 
the central region, mect with greater resistances on their 
inner sides than on their outer sides; and will be thus made 
to diverge outwardly from their courses more than thoy 
would otherwise do. Hence a tendency which, apart from 
other tendencies, will cause them severally to go on one or 
othr side of the contre of gravity, and, approaching it, to got 
motions more and more tangential. Observe, however, that 
their respective motions will be deflected, not towards ona 
side of the common centre of gravity, but towards various 
sidés, How then can there result a movement common to 
them all? Very simply. Each flocculus, in describing its 
course, must give motion to the medium through which it 
is moving. But tho probabilities aro infinity to one against 
all the reepective motions thus impressed on this medium, 
exactly balancing one another. And if they donot balanve 
one another the result most be rotation of the whole mass 
of the medium in one direction. But preponderating 
tmomentam in one direction, having caused rotation of the 
mediuin in that direction, the rotating medium must in its 
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turn gradually arrest such flocculi a4 are moving in opposi- 
tion, aud impress its own motion upon them; and thus 
there will ultimately be formed a rotating medium with 
suspended flovculi partaking of its motion, while they move in 
converging spirals towards the common contro of gravity.* 

Before comparing these conclusions with facts, let us 
pursue the reasoning a little further, and observe cortain 
subordinate actions. The respective flocculi must be 
drawn not towards their common centre of gravity only, 


* Aroference may fitly be made hern to a reason given by Mons, Babinet 
for rejection of the Nobalsr Hypothesis. Ele has escalated that taking tho 
exirting Sun, with ils observed angular velocity, ite substeace, if expanded 
fo as to Sl the orbit of Neptune, would have nothing approaching tho 


Sie wisi cent ra ene on taste at eaten ek bee 
Jying portions when they reach the nuslous, will form an equatorial belt 


‘while the density of the «phoroid continues xmall, fluid friction will soarecly 
at all change these difforonces, 

A like oriticism may, I think, be passod on an opinion expressed by Prof. 
Rewoomb. He eays:—" When the contraction [of the nebulons spheroid) 
hbodl gone eo far that tho contrifugal and attracting forcos neatly balanced 
‘each other a the outer oquatorial limit of the mass, tho result would havo 
been that contraction in the direction of the equator would cease entirely, 
‘snd be coniinod to tho polar regions, each particle dropping, not towards 
ean, bat townrds the plane of the aolar equator. Thus, wo should have 
constant flattening of the spheroidal atmosphery until it wan reduced to « 
thin fiat dink. ‘This disk might then separate itself into tings, whieh would 
form planets in much the exme way that Laplace uyppoued. Bat there woold 
probably be no starkol difference in the age of tho planets.’ (Popular 
Astronomy, p- 632.) Now this conclusion sswumes, Tike that of Mf. Babinet, 
that all parts of the nebalous xpheroid hat yaa! angular velocities. If, 
40 above contended, it is inferable from the procesa by which & nebulows 
apboroid was formed, that ile oater portions revolved with greater angular 
velocities than ils innex ; then the ifreoce which Prof. Newcomb draws ts 
ot nevossitated. 
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but also towards neighbouring floccnli. Hence the whole 
assemblage of flocculi will broak up into groups: each 
gronp concentrating towards its local centre of gravity, 
and in so doing acquiring n vortical movement like thab 
subsequently acquired by the whole nebula. According to 
circumstances, and chiefly according to the size of the 
original nebulous mass, this process of local aggregation 
will produce various results. If the whole nebula ie bab 
small, the local groups of floceuli may be drawn into the 
common contre of gravity before their constituent masses 
have coalesced with one another. In a Jarger nebula, 
these local aggregations may have concentrated into 
rotating spheroids of vapour, while yet they have mado 
Dut little approach towards the general focus of the 
system. In a still larger nebula, whoro the local aggrega- 
tions are both greater and more remote from the common 
contre of gravity, they may havo condensed into masses 
of molten matter before the general distribution of them 
has greatly altered. In short, as the conditions in each 
case determine, the discrete masses producid may vary 
indefinitely in number, in size, in density, in motion, in 
distribution. 

And now Iet us return to the visible characters of 
nebulmw, as observed through modern telescopes. Tako 
first the description of those nebulwm which, by tho 
hypothesis, must be in an early stage of evolution. 

‘Among tho “irregular nebula," sage Sir John Herscbel, ‘may bo 
comprehended all which, to a want of complete and in most instances even 
of partial reolvabitity by the power of the 20-fect refector, unite such o 
dovintion from the cizeular or elliptic form, or nach a want of symmetry (with 
that form) me precinde their being placed in olaex 1, or that of Regular 
Nebule. Thin socond class comprises many of the most remarkable and 
Saternellng objects tn the heavens, on well as the moet extensive én reepect of 
the area they occupy." 

And, referring to this samo order of objects, M. Arago 
says:—“The forms of very large diffuse nebule do nob 
appear to admit of definition; they have no regular outline.” 

This coexistence of largeness, irregularity, and inde- 
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finitencss of ontlino, with irresolvability, is extremely 
tignificant. The fact thab the largest nebulw aro cither 
irresolvablo or vory difficult to resolvo, might havo been 
inferred a priori; socing that irresolvability, implying that 
the aggrogation of precipitated matter has gone on to but 
® small extent, will bo found in nebule of wide diffusion. 
Again, the irregularity of these large, irresolvable nebalm, 
might nlso have been expected ; seeing that their ontlines, 
compared by Arago with “the fantastic figures whieh 
characterize clonds carried away and tossed about by 
violent and often contrary winds,” are similarly charac- 
teristic of a mass not yet gathered together by tho mutnal 
attraction of its parts. And onco more, tho fact that these 
large, irregular, irresolvable nebule have indefinite outlines 
—voatlines that fade off insensibly into surrounding dark- 
ness—is one of like meaning. 

Speaking generally (and of course differences of distance 
negative anything beyond average statements), the spiral 
nebulw are smaller than the irregular nebulw, and more 
resolvable; at the same time that they aro not so small 
a6 the regular nobulw, and not so resolvable. ‘This is as, 
according to the hypothesis, it should be. Tho dogreo of 
condensation causing spiral movement, is a degree of 
condensation also implying masses of flocculi that are 
larger, and therefore more visible, than those existing in 
an earlier stage. Morcover, the forms of these spiral 
nebula are quite in harmony with the explanation given. 
‘The curves of Iuminous matter which they exhibit, are not 
such as would be doscribod by discrete massea starting 
from = state of rest, and moving through a rosisting 
medium to a common centre of gravity; but they ave such 
as would be described by masses having their movements 
modified by the rotation of the medium. 

In the centre of o spiral nebula is scen a mass both 
more luminous and more resolvnblo than thorost. Assume 
that, in process of time, all the spiral stroaks of luminous 
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matter which converge to this centre are drawn into it, as 
they must be; assume further, that the flocculi, or other 
discrete portions constituting these luminous streuks, 

into larger masses at the same time that they 
approach the central group, and that the masses forming 
this central group also aggregate into larger masses; and 
there will finally result a cluster of such lurger masses, 
which will be resolvable with comparative ease. And, ag 
the coalescence and concentration go on, the constituent 
masses will gradually become fewer, larger, brighter, and 
more densely collected around the common centre of 
gravity. See now how completely this inference agrees 
with observation, “The circular form is that which mosb 
commonly characterises resolvable nebulie,” writes Arago, 
Resolvable nebulw, says Sir John Herschel, “are almost 
universally round or oval.” Moreover, the centre of each 
group hebitually displays a closer clustering of tho 
constituent masses than the outer parts; and it is shown 
that, under the law of gravitation, which we now know 
extends to the stars, this distribution is not one of equili- 
brium, butimplies progressing concentration, While, justas 
we inforred that, according to circumstances, the extent to 
which aggregation has been carried must vary; so we find 
that, in fact, there are regular nobule of all dogreos of 
resolvability, from those consisting of innumerable minute 
masgea, to those in which their numbers are smaller and tho 
sizes greater, and to those in which thero are a few large 
bodies worthy to be called stars. 

On the one hand, then, we see that the notion, of 
late years uncritically received, that the nebulw ure 
extremely remote galaxies of stars like those which make 
up our own Milky Way, is totally irreconciloablo with the 
facte—involyes us in sundry absurdities, On the other 
hand, we seo that the hypothesis cf nebular condensation 
harmonizes with the most recent results of stellar astro. 
nomy: nay more—that it supplies us with an explanation 
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of vnrions appearances which in its absonco would bo 
incomprehensible. 


Descending now to the Solar System, let us consider first 
8 class of phenomena in some sort transitional—those 
offered by comets. In them, or at least in those most 
numerous of them which lie far out of the plane of the 
Solar System, and are not to be counted among its 
members, we havo, still existing, a kind of mattor like that 
ont of which, according to the Nobular Hypothesis, tho 
Solar System was evolved. Hence, for the explanation of 
thom, we must go back to the timo when tho substances 
forming the sun and planets were yet unconcentrated. 

When diffused matter, precipitated from a rarer medium, 
is aggregating, there are certain to be here and there 
prodaced small floceuli, which long remain detached; as 
do, for inatanco, minute shreds of cloud in a summer sky. 
Ina concentrating nebula these will, in the majority of cases, 
eyontually coalesce with the larger flocculi near to them. 
But it is tolerably evident that some of those formed at 
the outermost parts of the nebula, will not coalesce with 
the larger internal masses, but will slowly follow without 
overtaking them. The relatively greater resistance of the 
medium necessitates this, As ® single feather falling to 
the ground will be rapidly leit bohind by a pillow-full of 
feathers; 20, in their progrees to the common centre of 
gravity, will the outormost shreds of vapour be left behind 
by the grest masses of vapour internally situated, But 
we are not dependent merely on reasoning for this lwlief. 
Observation shows us that the less concentrated external 
parts of nebule, are left behind by the more concentrated 
internal parts. Examined through high powers, all nebule, 
even when they have assumed regular forms, are eeon to 
be surrounded by luminons streaks, of which the directions 
show that they are being drawn into the general mass, 
Btill higher powers bring into view still smaller, fainter, 
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and more widely-dispersed streaks. And it cannot be 
doubted that tho minute fragments which no telescopic aid 
makes visible, are yet more numerous and widely dispersed, 
Thus far, then, inference and observation are wt one. 

Granting that the great majority of these outlying 
portions of nebulous matter will be drawn into the central 
mass long before it reaches a definite form, the presurption 
ie that some of the very small, far-removed portions 
will not bo s03 but that beforo they arrive near it, the 
central maze will have contracted into a comparatively 
moderate bulk. What now will be the characters of these 
late-arriving portions f 

In the first place, they will have either extremely 
eccentric orbits or non-vlliptic paths, Left bebind at a 
time when they were moving towards the centre of gravity 
in slightly-doflected lines, and therefore having but very 
emall angular velocities, they will approach tho central 
mass in greatly elongated curves; and rushing round it, 
will go off again into space. ‘hat is, they will behavo 
just as we gee the majority of comets do; the orbits of which 
are either so eccentric nx to be indistinguishable from para~ 
bolas, or else are not orbits at all, but are paths which are 
distinctly either parabolic or hyperbolic. 

In the second place, they will come from all parts 
of the heavens. Our supposition implica that they were 
left behind st a time when the nebuloue mass was of 
irregular shape, und had not acquired a definite rotation; 
and as the separation of them would not be from any 
‘one surface of the nebulous mass more than another, the 
conclusion must be that they will come to the central body 
from various directions in space. This, too, is exactly 
what happens. Unlike planets, whoso orbits approximate 
to one plane, comets have orbits that show no relation to 
‘ono another; but cut the plano of the ecliptic at all angles, 
and have axos inclined to it at all angles. 
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In tho third place, these remoteet floceuli of nebalona 
ena the outaot, bo deflected from their direct 
courses to the common centre of gravity, not all on ona 
piesa car eit sido as ite form, or its 
proper motion, determines. And being left behind before 
the rotation of the nebula is set up, they will severally 
retain their different individual motions. Hence, following 
the concentrated mass, they will eventually go round it 
on all sides; and as often from right to left as from left 
toright. Here again the inference perfectly correaponds 
with the facts. While all tho planets go round the sun 
from west to east, comets as often go round the sun from 
east to west as from west to east. Of 262 cometa recorded 
since 1680, 130 are direct, and 182 are retrograde. ‘This 
equality is what the law of probabilities would indicate. 

When, in the fourth place, the physical constitution of 
comets accords with the hypothesis The ability of 
nebulous matter to concentrate into a conereto form, 
depends on its mass. To bring its ultimate atoms into 
that proximity requisite for chemical union—requieite, that 
is, for the production of donser matter—their repulsion 
must be overcome. The only force antagonistic to their 
Fepulsion, ix their mutual gravitation, That their mutual 
gmvitation may gonerato a pressuro and temperature of 
sufficient intensity, there must be an cnormous accumulation 
of thom; and even then the approximation can slowly go on 
only as fast as the evolved heat escapes. But where tho 
quantity of atoms is small, and therefore the force of 
muteal gravitation small, there will be nothing to coeree 
the atoms into union. Whence we infer that these 


© This troe that cinco this oseay was written reasons have boen given for 
Goncluding that comets consist of swarms of meteors enveloped in acriform 
tmatter, Very possibly this ix the constitution of the periodic comets which, 
Approximating their orbits to the plane of the Solar Syatem, form atabliahed. 
parte of the System, and which, as will bo horvaltor indicated, bave 
probably quite different origin, 
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detached fragments of nebulous matter will continuo in 
their original state, Non-periodic comets seem to do s0. 

We have already seen that this view of the origin of 
comets harmonizes with the characters of their orbits; 
but the evidence hence derived is much stronger than 
was indicated. Tho great majority of cometary orbits are 
classed as parabolic; and it is ordinarily inforrod that they 
are visitors from remote space, and will never return, 
But aro they rightly classed as parabolic? Observations 
on a comet moving in an extremely eccentric ellipse, which 
are possible only when it is comparatively near peri= 
helion, must fail to distinguish its orbit from a parabola. 
Evidently, then, it is not safe to class it as a parabola 
because of inability to detect the elements of an ellipse. 
But if extreme cocentricity of an orbit necessitates such 
inability, it seems quite possible that comets havo no other 
orbite than elliptic ones. Though five or six are said to 
be hyperbolic, yet, as I learn from one who has paid special 
attention to comets, “no such orbit has, I believe, been 
computed for a well-observed comet.” Hence the probu- 
Dility that all the orbits are ellipses is overwhelming. 
Eilipses and hyperbolas have countless varieties of forms, 
but there is only one form of parabola; or, to speak literally, 
all parabola are similar, whilo there are infinitely numerous 
dissimilar ellipses and dissimilar hyperbolas. Consequently, 
anything coming to the Sun from a great distance must have 
one exact amount of proper motion to produce a parabola: 
all other amounts would give hyperbolas or ellipses. And 
if there are no hyperbolic orbits, then it is infinity to one 
that all the orbits are elliptical. This is just what they 
would be if comets had the genesis above supposed. 








And now, leaving these erratic bodies, let us turn to the 
more familiar and important mombers of tho Solar System, 
Th was the remarkable harmony among their movomenta 
which first mado Laplace conceive that the Sun, planets, 
and satellites had resulted from a common genetio process. 


a 
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As Sir William Herschel, by hie observations on the nebule, 
was led to tho conclusion that stars resulted from tho 
aggregation of diffused matter ; so Laplace, by his obser- 
Yations on the structure of the Solar System, was led to 
the conclusion that only by the rotation of aggregating 
matter were its peculiarities to be explained. In his 
Ezposition du Systime du Monde, ho enumorates as tho 
leading ovidences:—1. The movements of the planotsin the 
zame direction and in orbits approaching to the game 
plano; 2. The movements of tho satellites in the samo 
direction as those of the planets; 8. The movements of 
rotation of these various bodies and of the sun in the xume 
direction as the orbital motions, and mostly in planes 
little different; 4. The small eccentricities of the orbits of 
tho planets and satellites, as contrasted with the great 
ecoontricities of the cometary orbits. And the probability 
that those harmonious movements had a common cause, ho 
calculates as two hundred thousand billions to one, 

This immense preponderance of probability does not 
point to a common cause under the form ordinarily con- 
eeived—an Invisible Power working after the method of 
“a Great Artificer;” but to an Invisible Power working 
after the method of evolution, For though the supporters 
of the common hypothesis may argue that it was necessary 
for the sake of stability that the plancts ehould go round 
the Sun in tho 2ame direction and nearly in ono plane, they 
cannot thus account for the direction of the axial motions.* 
The mechanical equilibrium would not have been interfered 
with, had the Sun been without any rotatory movement; 
or had he revolved on his axis in a direction opposite to 
that in which the planets go round him; or im a direction 
at right angles to the average plano of their orbits, With 
equal safety the motion of the Moon round the Earth might 

* ‘Though this rule failn at tho periphery of the Solar System, yet it faila 
only where the aais of rotation, instead of being almost perpendicular to the 
orbit-plane, is very little inclined to it; and where, therefore, the foress tending 
fo produce the aoagruily of motions were but liitle oporulire. 
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huve been the reverse of the Karth’s motion round its 
axis; or the motions of Jupiter’s satellites might similarly 
have been at variance with his axial motion; or those of 
Satnrn’s satellites with his. As, however, none of those 
alternatives have been followed, the uniformity must be 
considered, in this case as in all others, evidence of sub- 
ordination to some general law—implies what we call natural 
causation, as distinguished from arbitrary arrangement, 

Hence the hypothesis of evolution would bo the only 
probable one, even in the absence of any clue to the par- 
ticular mode of evolution. But when we have, propounded 
by a mathematician of the highest authority, a theory of 
this evolution based on established mechanical principles, 
which accounts for these various peculiarities, as well as 
for many minor ones, the conclusion that the Solar System 
was evolved becomes almost irresiatiblo. 

Tho general naturo of Laplace’s theory scarcely needs 
stating. Booka of popular astronomy havo familiarized 
moat readers with his conceptions ;—namely, that the matter 
now condensed into the Solar System, once formed a vast 
rotating spheroid of extreme rarity extending beyond the 
orbit of the outermost planet; thab as this spheroid con- 
tracted, its rate of rotation necessarily increased ; that by 
augmenting contrifugal force its equatorial gone was from 
time to time prevented from following any further tho 
concentrating mass, and so remained behind as a revolving 
ring; that euch of the revolving rings thus periodically 
detached, eventually became raptured at its weakest point, 
and, contracting on itself, gradually aggregated into a 
rotating mass; that this, like the parent mass, increased in 
rapidity of rotation as it decreased in size, and, where the 
centrifagal force was sufficient, similarly loft behind rings, 
which finally collapsed into rotating spheroids; and that 
thus, ont of these primary and secondary rings, there arose 
planets and their satellites, while from the central mass 

. there resulted the Sun. Morcover, it is tolerably well 
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mown that this @ priori reasoning harmonizes with tho 
results of experiment. Dr. Plateau has shown that when 
mass of fluid is, as far may be, protected from the action 
‘of external forces, ib will, if made to rotate with adequate 
velocity, form dotachod rings; and that these rings will 
break up into spheroids which turn on their axes in tho 
game direction with tho contral mass, Thus, givon tho 
original nebula, which, acquiring a vortical motion in the 
way indicated, has at length concentrated into a vast 
spheroid of acriform matter moving round its axis—given 
this, and mechanical principles explain the resi Tho 
genesis of a Solar System displaying movements like those 
observed, may be predicted; and the reasoning on which 
the prediction is based is countonanced by experiment.* 
But now Ict us inquire whether, besides these most con- 
spicnous structural and dynamic poculiaritios of the Solar 
System, sundry minor ones are not similarly explicable. 


‘Take first the relation between the planos of the planetary 
orbits and the plane of the Sun’s equator. If, when the 
nebulous spheroid extended beyond the orbit of Neptune, 
all parts of it had been revolving exactly in the same plane, 
or vatber in parallel planes—if all its parts had had ono 
axis; then the plancs of the successive rings would have 


* Mis teno that, as exprossed by him, thea propositions of Laplace are 
not all beyond dispute. An satronomor of the highest authority, who bas 
favoured me with some criticiams on thin oaray, alleges that instead of « 
nebulous ring rupturing at one point, and collapsing into a single mane, 
Wall peobability would be in favour of its braking up into many marcos." 
This alternative result certainly soma tho more likely. But granting that 
a nebulous ring would break up into many masses, it may still be contended 
that, since the chances are inSinity to one against thea being of eqtinl xine 
and equidistant, thoy could not remain evenly distributed round their orbit. 
This sanular chain of gaseous masses would break up into groups of masses j 
ther groups would eventually agxrenate into larger groups; and the ial 
result would bv the formation of a singlo mass. 1 have put the question to 
‘an astronomer seurooly ascond in authority to the one above referred to, and 
So agrees thal this would probably be the process. 
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been coincident with each other and with that of the Sun’s 
rotation, But it needs only to go back to the carlicr stages: 
‘of concentration, to eee that there could exist no auch com- 
plete uniformity of motion. The floceuli, already described 
‘as precipitated from an irregular and widely-diffused nebula, 
and as starting from all points to their common centre of 
gravity, must move not in one plane but in innumerable 
planes, cutting each other at all angles. The gradual 
establishment of a vortical motion such as we at present 
see indicated in the spiral nebulw, is the gradual approach 
towards motion in one plane, But this plane can but 
slowly become decided. Floceuli not moving in this plane, 
Dat entering into the nggrogation at various inclinations, 
will tend to perform their revolutions round its centre in 
their own planes; and only in course of time will their 
motions be partly destroyed by conflicting ones, and partly 
resolved into the general motion. Bspecially will the 
outermost portions of the rotating mass retain for a long 
timo their more or less independent directions. Hence 
the probabilities are, that the planes of tho rings first 
detached will differ considerably from the average plane 
of the maze; while tho planes of those detached latest 
will differ from it less. 

Here, again, inference to a considerable extent agroos 
with observation. Thongh the progression is irregular, yet, 
on the average, the inclinations decrease on approaching the 
Sun ; and this is all we can expect. For as the portions of 
the nebulous spheroid must have arrived with miscellaneous 
inclinations, its strata must have had planes of rotation 
diverging from the average plane in degrees nob always 
proportionate to their distances from the centro, 


Consider next the movements of the plancts on their 
axes. Laplace alleged as one among other evidences of 
common genetic cause, that the planets rotate in a dircc- 
tion the same as that in which they go round the Sun, and 
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‘on axes approximately perpendicular to their orbits. Since 
he wrote, an exception to this gonoral rulo has been discov= 
ered in the caso of Uranus, and another still more recently 
in the case of Neptune—judging, at least, from the motions 
of their respective satellites. This anomaly has been 
thought to throw considerable doubt on his speculation; 
and at first sight it does so. But a little reflection shows 
that theanomaly is notinexplicable, and that Laplace simply 
went too far in putting down as a certain result of nebular 
genesis, what is, in somo instances, only a probable result, 
The cause he pointed out as determining the direetion of 
rotation, is the greater absolute velocity of tho outer part of 
the detached ring. But there are conditions under which 
this difference of velocity may be too insignificant, even if 
it exists. If amass of nebulous matter approaching spirally 
to thecentral spheroid,and eventually joining ibtangentially, 
is made up of parts having tho same absolute velocities ; 
then, after joining the equatorial periphery of the spheroid 
and being made to rotate with it, the angular velocity of 
its outer parts will bo smallor than the angular yolocity of 
its inner parts. Hence, if, when the angular velocities of 
the outer and inner parts of a detached ring are the sama, 
there results # tendency to rotation in the same direction 
with the orbital motion, ib may be inferred that when the 
outer parts of the ring have a smaller angular velocity 
than the inner parts, a tendoncy to retrograde rotation will 
be the consequence. 

Again, tho sectional form of tho ring is a circumstance 
of moment; and this form must have differed more or lees 
in every case. To mako this clcar, some illustration will be 
necessary. Suppose we take an orange, and, assuming the 
marks of the stalk und the enlyx to represent the poles, 
‘cnt off round the line of the equator a strip of peel. This 
strip of peel, if placed on the table with its ends meeting, 
will make a ring shaped like the hoop of a barrel—a ring 
of which tho thicknoss in the line of its diamoter is vory 
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amall, but of which the width in a direction perpendicular 
to its diameter is considerable. Suppose, now, that in 
place of an orange, which is a spheroid of very slight 
oblateness, we take a spheroid of very great oblateness, 
shaped somewhat like a lens of small convexity. If from 
the edge or equator of this lens-shaped spheroid, a ring of 
moderate size were cut off, it would be unlike the previous 
ring in this respect, that its greatest thickness would bo in 
the line of ita diameter, and not in a line at right angles 
to ite diameter: it would be a ring shaped somewhat like 
a quoit, only far more slender. That is to say, 
to the oblateness of a rotating spheroid, the detached ring 
may be either a hoop-shaped ring or # quoit-shuped ring- 
One further implication must be noted. In 8 much 
flattened or lens-shaped spheroid, the form of the ring will 
vary with its bulk. A vory slondor ring, taking off just 
the equatorial surface, will be hoop-ehaped ; while a toler 
ably massive ring, tronching apprecinbly on the diameter 
of the spheroid, will be quoit-shaped. 'Thns, then, 
to the oblatennss of the spheroid and the bulkiness of the 
detached ring, will the greatest thickness of that xing be 
in the direction of its plane, or in a direction perpendicular 
toitsplanc. Butthis circumstance must greatly affect the 
rotation of tho resulting planet. In a decidedly hoop- 
shaped nebulous ring, the differences of velocity between 
the inner and outer surfaces will be small; and such a ring, 
aggregating into » mass of which the greatest diameter ia 
at right angles to the plane of the orbit, will ulmost cer- 
tainly give to this mass a predominant tendency to rotate 
in @ direction at right angles to the plane of the orbit. 
Where the ring is but little hoop-shaped, and tho difference 
between the inner and outer velocities greater, as it must 
be, the opposing tendencies—one to produce rotation in the 
plane of the orbit, and the other, rotation perpondicular to 
it—will both be influential; and an intermediate plane of 
rotation will be taken up. While, if the nebulous ring is 
decidedly quoit-shaped, and therefore aggregates into a 
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‘mass whoza greatest dimension lies in tho plane of the 
orbit, both tendencies will conspire to produce rotation in 
that plane. 

On referring to the facts, we find them, as far as can 
‘be judged, in harmony with this view. Considering the 
enormous cireumferenco of Uranus’s orbit, and his com- 
paratively small mass, we may conclude that the ring from 
which he resulted was s comparatively slondor, and thero- 
fore a hoop-shaped one: especially ss the nebulous mass 
‘must have been at that time less oblate than afterwards, 
‘Hence, a plane of rotation nearly perpendicular to his 
orbit, and « direction of rotation having no reference to 
his orbital movement. Saturn has a mass seven times as 

and an orbit of leas than half the diameter; whence 

it follows that bis genctic ring, having less than half the 
circumference, and less than half tho vertical thickness 
(the spheroid being then certainly as oblate, and indeod 
‘more oblate), must have had a much greater width—muat 
have been less hoop-shaped, and more approaching to 
the quoit-shaped : notwithstanding differences of density, it 
must have been at least two or three times as broad in the 
Tine of its plans. Consequently, Saturn has a rotatory 
movement in the same direction as the movement of 
translation, and in a plane differing from it by thirty 
degrees only. In the caso of Jupiter, again, whose mass is 
three and a half times that of Saturn, and whose orbit 
is little more than half the size, the genetic ring must, for 
- the like reasons, have been still bronder—decidedly quoit. 
shaped, we may say; and there hence resulted a planet 
whose plane of rotation differs from that of his orbit by 
nearcely more than three degrees. Once moro, considering 
‘the comparative insignificance of Mars, Earth, Venus, and 
Mercury, it follows that, the diminishing circumferences of 
the rings not sufficing to account for the smallness of the 
resulting masses, the rings mast have been slender ones— 
‘must Lave again approximatod to the hoop-shaped; and 
Na ae) that the planes of rotation again diverge 


i: 
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more or less widely from those of the orbits. Taking into 
account the increasing oblateness of the original spheroid 
in tho successive stages of ite concentration, and the different 
proportions of the detached rings, it may fairly be held 
that the rospective rotatory motions are not at variance 
with the hypothesis but contrariwise tend to confirm it, 

Not only the directions, but also the velocities of rota- 
tion seem thus explicable. It might naturally be supposed 
that the large planets would revolve on their axes more 
slowly than the small ones: our terrestrial experiences of 
big and little bodies incline us to expect this. It is a 
corollary from the Nobular Hypothosis, howover, moro 
especially when interpreted as above, that while large 
planets. will rotate rapidly, amall cones will rotate slowly ; 
and we find that infact they do so. Other things equal, » 
concentrating nebulous mass which is diffused through » 
wide space, and whose outer parts have, therefore, to travel 
from great distances to the common centre of gravity, 
will acquire a high axial velocity in course of its aggre 
gation; and conversely with @ small mass, Still more 
marked will bo tho difforenco where the form of the 
genetic ring congpires to increase the rate of rotation. 
Other things equal, genetic ring which is brondest in the 
direction of its plane will produco a mass rotating faster 
than one which is broadest at right angles to its plane; 
and if the ring is absolutely as well as relatively broad, 
the rotation will be very rapid. These conditions were, as 
we sow, fulfilled in tho case of Jupiter; and Jupiter turns 
round his oxia in lees than ten hours, Saturn, in whose 
ease, a8 above explained, tho conditions wore less fayour- 
ablo to rapid rotation, takes nearly ten hours and a half. 
While Mars, Barth, Venus, and Mercury, whose rings mast 
have been slender, take more than double that time: the 
smallest tuking the longest. 





Brom fhe: planvta Job. ua now. pase. to ths satellites; 
Here, beyond the conspicuous facts commonly advorted 
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to, that they go round their primaries in the directions 

in which these turn on their axes, in planes diverging 

but little from their equators, and im orbits nearly circular, 

there are several significant traits which must not be 
over. 

One of them is that cach set of satellites repeats in 
miniature the rélations of the planets to the Sun, both in 
certain respects above named and in the order of their sizes, 
On progressing from the outside of the Solar System to its 
centre, we see that there are four large external plancts, 
and four internal ones which are comparatively small. A 
like contrast holds between the outer and inner satellites 
in every caso. Among the four satellites of Jupiter, the 
parallel ix maintained as well as the comparative smallness 
of the number allows: the two onter ones are tho largest, 
and the two inner ones the smallest, According to the 
most recent observations made by Mr. Laswell, the like ix 
true of the four satellites of Uranus. In the case of 
Saturn, who has cight secondary plancts revolving round 
him, the likeness is still more close in arrangement as in 
number; the throe outer satellites are large, the inner ones 
amall; and the contraste of size are here much greater 
Detween the largest, which is noarly as big as Mars, and 
the smallest, which is with difficulty discovered even by 
the best telescopes. But the annlogy does not end here. 
Jost as with the planets, there is at first a general 
increase of size on travelling inwards from Neptune and 
Uranus, which do not diffor very widely, to Saturn, which 
36 much larger, and to Jupiter, which is the largest; so of 
the eight satellites of Saturn, the largest is not the outer 
most, but the outermost save two; so of Jupiter's four 
secondaries, the largest is the most remote but one, Now 
these parullclisms are inexplicable by the theory of final 
causes. For purposes of lighting, if this bo the presumed 
object of these attendant bodies, it would have been far 
better had the larger been the nearer: at present, their 
remoteness renders thom of loss sorvice than the smallest. 
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‘To the Nebular Hypothesis, howovor, theso analogies give 
further support, They show the action of a common 
physical cause. They imply a law of genosis, holding in 
the secondary systems as in the primary system. 

‘Still more instructive shall we find the distribution of 
the satellites—their absence in some instances, and their 
presence in other instances, in smaller or greater numbers. 
‘The argument from design fails to account for this distri- 
bation. Supposing it be granted that planets nearer the 
Sun than ourselves, haye no need of moons (though, con- 
sidoring that their nights are as dark, and, relatively to 
their brilliant days, even darker than ours, the need seems: 
quite as great)—supposing this to be granted; how are wa 
to explain the fact that Uranus has but half as many 
moons as Satarn, though he is at double the distance? 
While, however, the current presumption is untenable, 
the Nebular Hypothesis furnishes ua with on explann= 
tion. It onables us to predict where satellites will bo 
abundant and where they will be absent. The reasoning ix 
as follows. 

In a rotating nebulous spheroid which is concentrating: 
into a planet, there are at work two antagonist mechanical 
tendencies—the centripetal and the centrifugal. While 
the foree of gravitation draws all tho atoms of the spheroid 
together, their tangential momentum is resolvable into two 
parts, of which ono rosists gravitation. ‘The ratio which 
this centrifugal force bears to gravitation, varies, other 
things equal, as tho square of the velocity. Hence, the 
aggregation of a rotating nebulous spheroid will be more 
or less hindered by this resisting force, according as the 
rate of rotation is high or low: the opposition, in equal 
spheroids, being four times as great when the rotation 
is twice as rapid; nine times as great when it is three 
times as rapid; and s0 on. Now the dotachment of a ring 
from a planet-forming body of nebulous matter, implica 
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that at its equatorial zone the increasing centrifugal force 
consequent on concentration has become so great aa to 
balance gravity. Whence it is tolerably obvious that tho 
detachment of rings will be most frequent from thoso 
masses in which the centrifugal tendency bears the greatest 
ratio to the gravitative tendency. ‘Though it is not possible 
to calculate what ratio these two tendencies had to each 
other in the genetic spheroid which produced each planet, 
it is possible to calculate where ench was the greatest 
and where the least. While it is true that the ratio which 
centrifugal force now bears to gravity at the equator 
of each planot, differs widely from that which it bore 
daring the earlier stages of concentration ; and while it ia 
true that this change in tho ratio, depending on the degree 
of contraction each planet has undergone, has in no two 
cases been the same; yet we may fairly conclude that 
where the ratio is still the greatest, it has been the greatest 
from the beginning. Tho satellite-forming tendency which 
each planet had, will be approximately indicated by the 
Proportion now existing in it between the aggregating 
power, and the power that has opposed aggregation. On 
making the requisite calculations, a remarkable harmony 
with this inference comes out, The following table shows 
what fraction the centrifugal force is of the centripetal force 
im every case; and the relation which that fraction bears 
to the number of satellites.* 
Maceary,|Yoous.  Sasth. Mare, Jupiter, © Satum. Urana 
300 853 oo 1M tt G4 109 
Shiela Satciles, Satellites, Sateliver, Satelite 
and these 


rings. 
Thus taking as our standard of comparison the Earth 
With its one moon, we sea that Mercury, in which the 
centrifugal force is relatively less, has no moon. Mars, in 
* The comparative slatement here given diffors, slightly in mont cases 
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which it is relatively much greater, has two moons. Jupitor, 
in which it is far greater, hax four moons. Uranus, in 
which it is greater still, has certainly four, and more if 
Herschel was right. Saturn, in which it is the 

being nearly one-sixth of gravity, has, including his rings, 
vleyen attendants. The only instance in which there is 
nonconformity with observation, is that of Venus, Horo 
it appears that the centrifugal force is relatively greater 
than in tho Earth; and, according to the hypothesis, 
Venna ought to have a satellite, Rexpecting this anomaly 
several remarks are to be made, Without putting any 
faith in the alleged discovery of a satellite of Venus 
(repeated ab intervals by five different observers), it may 
yet be contended that as the satellites of Mars eluded 


and in one case largely, from the statement ineInded in this @emay me 
originally published in 1958, As then given the ¢able ran thus :— 


Meroory. Verma, arth. «Murs. Jupiter, Saturn, rae 
? i 7 t 1 1 7 





” Shp ie lb : ator 
Satollita, Satcliter.  Satulitor, rts 
anus 
rhe 


‘The caloulations ending with theva figures wore mada while the Sunle 
distance was «till ostimated at 96 millions of miles. Of course the reduction 
altorwarde established in tho extimated diatance, entailing, aa it did, changes 
in tho factors which entored into the caloulations, affected the resulix; 
and, though it was unlikely that the relations stated would be materially 
changed, it was needfal to have the calculations madeafresh. Mr. Lynn has 
‘deen good enough to undertake this task, and the figures given in the toxt 
are his, In the case of Mars a large error in my calculation had arisen from 
accepting Arago's statement of his density (0-95), which proves to be some 
thing like doable what it should be. Here s curious incident may be mamed. 
When, in 1877, it was discovered that Mars has two ratellites, though, 
according to my hypothesis, it seemed that he thould have none, my faith 
in it received a shock; and since that time I have occasionally considered 
whether the fact is in any way reconcilable with the hypothesis, But now 
the proof afforded hy Mr. xynn that my calculation contained a wrong factor, 
disposes of the difficalty—nay, changes the chjection to a verification, It 
tums out that, according to the hypothesis, Mars ought to hare satellites ; 
‘aud. further, that he ought to have # mamber intermediate between 1 and 4. 
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observation up to 1877, a sutellite of Venus may have 
eluded observation up to the present time. Merely naming 
this as possible, bub not probable, a consideration of more 
weight is that the poriod of rotation of Venas ix but 
indefinitely fixed, and that a small diminution in tho 
estimated angular velocity of her equator would bring the 
result into congruity with the hypothesis. Further, it may 
be remarked that not exact, but only general, congruity is 
to be expected ; since the process of condensation of nck 
plonet from nebulous matter can scarcely be expected to 
hare gone on with absolute uniformity: the angular 
yelocities of the superposed strata of nebulous matter 
probably differed from one another in degrees unlike 
in cach caso; and such differences would affoct the satellite- 
forming tendency. But without making much of these 
possible explanations of tho discrepancy, the correspondence 
between inference and fact which we find in so many 
planets, may be held to afford strong support to the 
Nebular Hypothesis, 

Certain more special peculiarities of the satellites musb 
bo mentioned as suggestive. Onc of them is the relation 
between the period of revolution and that of rotation, 
No discoverable purpose is sorved by making tho Moon go 
round its axis in the samo time that it goes round the 
Barth: for our convenience, » more rapid axial motion 
would have been equally good ; and forany possible inhab- 
itants of the Moon, much better. Against the alternative 
supposition, that tho equality occurred by accident, the 
probabilities are, as Laplace says, inflnity to one, But to 
this arrangement, which is explicable neither ws the result 
of design nor of chance, the Nebular Hypothesis furnishes 
aclue. In his Kxposition du Systeme dw Monde, Laplace 
shows, by reasoning too detailed to be here repoated, that 
under the circumstances such a relation of movements 
would be likely to establish itself. 

Among Jupiter's satellites, which severally display these 





same synchronous movements, there also exists a sti more 
remarkable relation. “If the mean angular ‘of | 
first satellite bo added to twice that of the third, the 
will be equal to three times that of the second;” and 
“from this it results that the situations of any two of them 
being given, that of the third can be found.” Now here, as 
before, no conceivable advantage results. Neither in this 
case can the connexion have been accidental: the proba- 
bilities are infinity to one to the contrary. But again, 
according to Laplace, the Nebular Hypothesis supplies a 
solution. Are not these significant facts ? 

Most significant fact of all, however, is that presented 
by tho rings of Saturn, As Laplaco romarke, they are, aa 
it were, still extant witnesses of the genetic process ho 
propounded. Here we have, continuing permanently, 
forms of aggregation like those through which each planet 
and satellite once passed ; and their movements are just 
what, in conformity with the hypothesis, they should be. 
“La darée de la rotation d’une planite doit done étre, 
dapris cette hypothése, plus petite que la durée do Ia 
révolution du corps le plus voisin qui circule autour d’el 
says Laplace, And ho thon points ont that the time of 
Saturn’s rotation is to that of his rings as 427 to 438—an 
amount of differonce such as was to be expected. 

Respecting Saturn's rings it may be furthor remarked 
that the place of their occurrence is not without significance. 

* Sinco this paragraph was first published, the discovery that Mars has 
‘two satellites revolving round him in poriods shorter than that of hia rotation, 
ina shown that the implication on which Laplace here inaista ix general 
only, and not absolute, Were it a necessary assumption that all parts of m 
concentrating nobalour spheroid revolve with the mama angular velocities, 
the exoeption would appear an inoxpticablo ono; but if, oa suggested in w 

tection, it is inferable from tho process of formation of a nebulous 

‘spheroid, that its ouler strata will movo round the general axis with higher 
-volociting than the inner ones, there follows a pousibln interpretation. 
‘Phough, during the earlier stages of concentration, while the nebulous 
tatter, and expecially its peripheral portions, are very rare, the effects of 
‘fuid-trictloa will be too smal] to change greally such differences of angular 
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Rings detached early in tho process of concentration, con- 
sisting of gaseous matter having extremely little power of 
enmer de cun have little mbility to resist the disruptive 
forces due to imperfect balance ; and, therefore, collapse 
into satellites. A ring of a denser kind, whether solid, 
liquid, or composed of small discrete masses (as Saturn’s 
Yings are now concluded to be), we can expect will be formed 
only near tho body of a planct whon it haa reached ao 
Tate ® stage of concentration that ite equatorial portions 
contain matters capable of easy precipitation into liquid 
and, finally, colid forms. Even then it can be produced 
only under special conditions. Gaining arapidly-incroasing 

as the gravitative force does during the 
closing stages of concentration, the centrifugal force cannot, 
in ordinary cases, cause the leaving behind of rings when 
the mass has become dense. Only where the centrifugal 
force has all along been vory great, and romains poworfal 
to the last, as in Saturn, can we expect dense rings to 
‘bo formed. 

We find, then, that besides those most. conspicuous pecu- 
Ynrities of the Solar System which first suggested the theory 
of its evolution, there are many minor ones pointing in 
the same direction. Were there no other evidence, these 
mechanical arrangements would, considered in their totality, 
go far to establish the Nebular Hypothesis. 


From the mechanical arrangements of the Solar System, 
turn wo now to ite physioul characters; and, first, let us con- 
sider the inferences deducible from relative specific gravities. 
‘Welocities as exist; yet, when concentration has reached its Inst singes, and 
tho matter in passing from the gaseous into the quid and solid states, and 
‘when aleo the convection-currents have beoome common to the whole mass 
(which they protabily at first are not), the anguinr velocity of the peripheral 
‘portion will gradually be assimilated to that of the interior; and it becomes 

that in the caso of Mars the poriphersl portion, more and 
nore dragyed back by the internal mass, lost part of ite velocity during the 
interval between the formation of the innermost satellite and the arrival at 
‘the final foem. 


= 
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‘The fact that, speaking generally, the denser 
the nearer to tho Sun, has been by some 
adding another to the many indications of nebular origin, 
Lagitimately assuring that the outermost parts of a rotating — 
nebulous spheroid, in its earlier stages of concentration, 
must be comparatively rar l that the increasing density 
which the wholo mass acquires as it contracts, must hold 
of the outermost parts aa well as tho rest; it ia argued 
that the rings successively detached will be more and more 
donge, and will form planots of higher and higher specific 
gravitics. Bat passing over other objections, this explana 
tion is quite inadequate to account for the facts. Using 
the Earth as a standard of comparison, the relative densities: 


run thus :— 


MoT “Ou oul Gas” OWS 100) Gun T307 OMs 

Two insurmountable objections are presented by this 
series. ‘I'he first is, that the progression is but a broken’ 
one. Neptune is denser than Saturn, which, by the hypo- 
thesia, it ought not to be. Uranus is denser than Jupiter, 
which it ought not to be. Uranus is denser than Saturn, 
and the Earth is densor than Venus—facts which not only 
give no countenance to, but directly contradict, the alleged 
explanation. The second objection, still more manifestly 
fatal, is the low specific gravity of the Sun. If, when the 
iatter of the Sun filled the orbit of Mercury, its state of 
aggregation was such that tho detached ring formed a 
planct having a specific gravity equal to that of iron; then 
the Sun itself, now that it has concentrated, should have a 
specific gravity much greater than that of iron; whoreas 
ita epecilic gravity is only half us much again as that of 
water. Instead of being far denser than the nearest 
planet, it is but one-fifth as dense. 

While these snomalies render untenable the position that 
the relative specific gravities of the planets are direct indi- 
cations of nebular condensation; it by no means follows 
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that thoy negative it. Several causes may be assigned for 
these unlikenessea:—I. Differences among the planeta in 
respect of the elementary substances composing them; or 
in the proportions of such elementary substances, if they 
contain the some kinds. 2. Differences among them in 
respect of the quantities of matter they contain ; for, other 
things equal, the mutual gravitation of molecules will make 
& larger mass denser than a smaller. 3. Differences of 
temperatures; for, other things equal, thoso having higher 

will have lower specific gravities. 4, Ditfer- 
ences of physical states, as being gaseous, liquid, or solid; 
or, otherwise, differences in the relative amounts of the 
solid, liquid, and gaseous matter they contain. 

It is quite possible, and we may indeed say probable, 
that all these causes come into play, and that they take 
Yarious shares in the production of the soveral results. But 
difficulties stand in the way of definite conclusions. Never- 
theless, if we revert to the hypothesis of nebular gonesia, 
we are furnished with partial explanations if nothing more, 

In the cooling of celestial bodies several factors are 
concerned. The first and simplest is the one illustrated at 
every Gre-side by the rapid blackening of little cinders which 
fall into the ashes, in contrast with tho long-continued 
redness of big lamps. his factor is the relation between 
Increaso of surface and increase of content: surfaces, in 
similar bodiog, incrensing as the equares of the dimensions 
while contents increase a3 their cubes. Honce, on com- 
paring tho Eurth with Jupiter, whose diameter is about 
eleven times that of the Barth, it results that while his 
surface is 125 times as great, his content is 1390 times ax 
great. Now even (supposing we assume like temperatures 
and like densitics) if the only effect were that through 
given aren of surfaco cloven times more matter had to be 
evoled in the one cave than in the other, there would be a 
vast difference between tho times occupied in concentration, 
But, in virtue of a second factor, the difference would be 
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much greater than that consequent on these geometrical 
relations. The escape of heat from a cooling mass is 
effected by conduction, or by convection, or by both, In 
@ solid it is wholly by conduction; in # liquid or gas the 
chiof part is played by convection—by circulating currents 
which continually transpose the hotter and cooler parts. 
Now in fluid spheroids—gaseons, or liquid, or mixed— 
increasing size entails an increasing obstacle to cooling, 
consequent on the increasing distances to be travelled 
by the circalating currents. Of course the relation is not & 
simple one: the velocities of the currents will be unlike, 
Jt is manifest, however, that in a sphere of eleven times the 
diameter, the transit of matter from centre to surface and 
back from surface to centre, will take a much longer time; 
even if its movement is unrestrained, But its movement 
is, in such cases ag we are considering, greatly restrained. 
In a rotating spheroid there come into play retarding 
forces augmenting with the velocity of rotation. In such 
# spheroid the respective portions of matter (supposing them 
equal in their angular velocities round the axis, which they 
will tend more and more to become as the density increases), 
must vary in thoir absoluto velocities according to their 
distances from the axis; and each portion cannot have its 
distance from the axis changed by circulating currents, 
which it must continually be, without loss or gain in its 
quantity of motion: through the medium of fluid friction, 
force must be expended, now in increasing its motion and 
now in retarding its motion. Hence, when tho larger 
spheroid has alo » higher velocity of rotation, the relative 
slowness of the circulating currenta, and the consoquent 
retardation of cooling, must be much greater than is implied 
by the oxtra distances to bo travelled. 

And now observe the corraspondence between inference 
and fact. In the first pluce, if we compare the group of 
the great plancts, Jupiter, Saturn, and Uranus, with tho 
group of the small plancta, Mare, Kurth, Venus, and Mercury, 


Sy 
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we see that low density goes along with great size and great 
velocity of rotation, and that high density goes along with 
small sizo and small velocity of rotation. In the second 
place, we are shown this relation still moro clearly if we 
compare the extreme instances—Saturn and Mercury. The 
special contrast of these two, like the general contrast of the 
groups, points to the truth that low density, like the satellite. 
forming tendency, is associated with the ratio borne by 
centrifugal force to gravity ; for in the case of Saturn with 
his many satellites and least density, centrifugal force at 
tho equator is nearly {th of gravity, whereas in Mercury 
with no eatellite and greatest density centrifugal force is 
but ghoth of gravity. 

‘There are, however, certain factors which, working in an 
‘opposite way, qualify and complicate these effects. Othor 
things equal, mutual gravitation among the parts of a large 
‘mass will canse a greater evolution of heat than is similarly 
caused in a small mass; and the resulting difference of 

mare will tend to produce more rapid dissipation of 
heat, To this must bo added tho greater velocity of tho 
circulating eurrenta which the intenser forces at work in 
larger sphoroids will produco—a contrast mado still groator 
by the relatively smaller retardation by friction to which the 
more voluminous currents ure exposed, In theso causes, 
Joined with causes previously indicated, we may recognize 
a probable explanation of the otherwise anomalons fact 
that the Sun, though having a thousand times the mass of 
Jupiter, has yet reached as advanced a stage of concentra- 
tion. For the force of gravity in the Sun, which at his 
surface is some ten times that at the surface of Jupiter, 
‘must expose his central parts to a pressure relatively very 
intense; producing, during contraction, a relatively rapid 
genesis of heat. And it is further to be remarked that, 
though the circulating currents in the Sun have far groator 
distances to travel, yet since his rotation is relatively so 
slow that the angular velocity of bis substance is but about 


| 
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one-sixtieth of that of Jupiter's substance, the resulting 
obstacle to circulating currents is relatively small, and the 
escape of heat for leas retarded. Hero, too, we may note 
that in the co-operation of these factors, there seems a 
ronson for the greater concontration reached by Jupiter 
than by Saturn, though Saturn is the elder as well as the 
smaller of the two; for at the same time that the gravita- 
tive force in Jupiter is more than twice as great as in 
Satura, his velocity of rotation is very little greater, 20 
that the opposition of the centrifugal force to the centri- 
petal is not much more than half, 

But now, not jadging more than roughly of the effects 
of these several factors, co-operating in various ways and 
degrees, some to aid concentration and others to resist it, 
it is sufficiently manifest that, other things equal, the larger 
nebulous spheroids, longer in losing their heat, will more 
dlowly reach high specific gravities; and thab where the 
contrasts in size are so immense as thoss between'the greater 
and the smaller planets, the smollor may have reached 
relatively high specific gravities when the greater havo 
reached but relatively low onos. Farther, it appoars that 
such qualification of the process as results from the more 
rapid gonesis of heat in the larger masses, will be counter= 
vailed where high velocity of rotation greatly impedes the 
circulating currents. Thos interpreted then, the various 
specific gravities of the planets may be held to furnish 
farthor evidonces supporting the Nebular Hypothesis, 


Tnorease of density and escape of heat aro corrolated 
phevomona, and hence in the foregoing section, treating of 
the respective densities of the celestial bodies in connexion 
with nebular condensation, much has been said and implied 
respecting the accompanying gencsis and dissipation of 
heat. Quite apart, however, from the foregoing arguments 
and inferences, there is to bo noted the fact that in the 
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additional supports to the hypothesis; and these, too, of 
the most substantial character. For if, aa is implied above, 
hoat must incvitably be generated by the aggregation of 
diffused matter, wo ought to find in all the heavenly bodies, 
either present high temperatures or marke of past high 
temperatures. This we do, in the places and in the degroes 
which the hypothesis requires. 

Observations showing that ax we descend below the 
Barth’s surface there is a progressive increase of heat, 
joined with the conspicuous evidence furnished by vol- 
canoos, necessitate the conclusion that the temperature is 
very high at great depths. Whether, as some believe, the 
interior of tho Earth is still molton, or whether, as Sir 
William Thomaon contends, it must be solid; there is agreo- 
mont in the inference that its heat is intense. And it has 
‘been further shown that the rate at which the temperature 
fnereases on descending below the surface, is such as would 
be found in # mass which had been cooling for an indefinite 
period. The Moon, too, shows us, by its corrugations and 
its conspicuows extinct volcanoes, that in it there has becom 
& process of refrigeration and contraction, like that which 
has gono onintho Earth. Thoro is no toloological oxplana- 
tion of these facts. The frequent destructions of life by 

and yoleanoes, imply, rathor, that it would have 
been better had the Earth been created with a lowinternal 
temperature. But if we contemplate the facts in con- 
nexion with the Nebular Hypothesis, we see that this still- 
continued high internal heat is one of its corollaries. The 
Earth must have passed throngh the gascous and tho 
molten conditions before it became solid, and must for an 
almost infinite period by its internal heat continue to bear 
evidence of this origin. 

‘The group of giant plancts furnishes remarkable evidence. 
The @ priori inference drawn above, that greab size joined 
with relatively high ratio of centrifugal force to gravity 
must greatly retard aggrogation, and must thus, by check- 
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ing the gonesis nnd dissipation of heat, make tha process: 
of cooling a slow one, has of late years received verifica- 
tions from inferences drawn a posteriori; so that now the 
current conclusion among astronomers is that in physical 
condition the great planets are in stages midway between 
that of the Barth and that of the Sun. The fact that the 
centre of Jupiter's disc is twice or thrice as bright as his 
periphery, joined with tho facts that he seems to radiate 
more light than is accounted for by roflection of the Sun’s 
rays, and that his spectrum shows the “red-star line”, are 
taken as evidences of luminosity; while the immense and 
rapid perturbations in hie atmosphere, far greater than 
conld be caused by heat received from the Sun, aa well as 
the formation of spots snalogons to those of the San, which 
ulso, like those of the San, show a higher rate of rotation 
near the equator than further from it, are held to imply high 
internal temperature. Thus in Jupiter, as also in Saturn, we 
find states which, not admitting of any teleological explana~ 
tions (for they manifestly exclude the possibility of lifo), 
admit of explanations derived from the Nebular Hypothesis. 

But the argument from temperature does not end here. 
There remains to be noticed a more conspicnons and still 
more significant fact. If the Solar System was produced 
by the concentration of diffased matter, which evolved 
heat while gravitating into its present dense form; then 
there is an obvious implication. Other things equal, the 
latest-formed maze will be the latest in cooling—will, for 
an almost infinite time, possess a groater heat than the 
earlier-formed ones. Other things equal, the largest masa 
will, because of its superior aggregative force, become 
hotter than the others, and radiate more intensely. Other 
things equal, the largest mass, notwithstanding the 
higher temperature it reaches, will, in consequence of its 
relatively emall surface, be the slowest in losing its evolved 
heat, And hence, if there is one mass which was nob only 
formed after tho rest, but excooeds thom enormously in 
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tize, it follows that this one will reach an intensity of 
incandoscence far beyond that reached by the rest; and 
will continue in a state of intense incandescence long after 
the rest have cooled. Such a mass we have in the Sun. It 
isacorollary from the Nebular Hypothesis, that the matter 
forming the Son assumed its present integrated shape 
nt a period much more recent than that at which the planets 
became definite bodies. Tho quantity of matter contained 
in the Sun is nearly five million times that contained in 
the smalloat planct, and above a thousand times that 
contained in the largest. And while, from the enormous 
gravitative force of his parts to their common centro, the 
evolution of heat has been intense, the facilities of rdin- 
tion hare been relatively small. Hence the still-continned 
high temperature. Just that condition of the central body 
which is a necessary inference from the Nebular Hypo~ 
thesis, wo find actually existing in the Sun. 

{The paragraph which here follows, though it contains 
some questionable propositions, I reproduce just as it stood 
when first published in 1858, for roasons which will pro- 
sently be apparent] 

Tt may be well to consider more closely, what is the 
probable condition of the Sun’s surface. Round the globe 
of incandescent molten substances, thus conceived to form 
the visible body of the Sun [which in conformity with the 
argument in a provious section, now transferred to the 
Addenda, was inferred to be hollow and filled with gaseous 
matter at high tension] there is known to exist 2 volumin- 
ous atmosphere: the inferior brilliancy of the Sun’s border, 
and the appearances during a total eclipse, alike show this. 
What now must be the constitution of this atmosphere? 
At a temperature approaching @ thousand times that of 
molten iron, which is the calculated temperature of the 
solar surface, yery many, if not all, of tho substances wo 
know as solid, would become gaseous; and though the 
Sun’s enormous attractive force must be a powerful check 
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on this tendency to assume tho form of vapour, yot it 
cannot be questioned that if the body of the Sun consists 
of molten sobstances, some of them must be constantly 
undergoing vaporation. That the dense gases thus con- 
tinnally being generated will form the entire mass of the 
solar atmosphere, is not probable. If anything is to be 
inferred, either from the Nebular Hypothesis, or from the 
analogies supplied by the planets, it must bo concladed 
that the outermost part of the solur atmosphere consists of 
what are called permanent gasos—gases that are not con- 
densible into fluid even atlow temperatures. If we consider 
what must have been the state of things here, when tho 
surface of the Earth was molten, we shall see that round the 
still molten surface of the Sun, there probably exists w 
stratum of dense seriform matter, made up of sublimed 
metals and motallic compounds, and above this a stratum 
of comparatively rare medium analogous to air, What 
now will hoppon with these two strata? Did thoy both 
consist of permanent gases, they could not remain separate: 
according to a well-known law, they would eventually form 
‘a homogeneous mixture. But this will byno means happen 
when the lower stratum consists of matters that are gaseous 
only at excessively high temperatures. Given off from a 
molten surface, ascending, expanding, and cooling, these 
will presently reach a limit of elevation above which they 
cannot oxist as vapour, but must condense and precipitate. 
Meanwhile the upper stratum, habitually charged with its 
quantum of these denser matters, as our air with its quantum 
of water, and ready to deposit them on any depression of 
temperature, must be habitually unable to take up any 
more of theJower stratum ; and therefore this lower stratum 
will remain quite distinct from it.* 


Considered in their ensemble, the several groups of ovi- 


dences assigned amount almost to proof. We hayo scon 
© Lwas about to suppress part of tho above paragraph, written before the 
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that, when critically examined, the speculations of lato 
years current respecting the nature of the nebulw, commit 
their promulgators to sundry absurdities; while, on the other 
hand, we see that the various appearances these nebulm 
present, are explicable as different stages in the precipi- 
tation and aggregation of diffused matter, We find that 
the immenso majority of comets (i.s, omitting the periodio 
ones), by their physical constitution, thoir immonsely- 
extended and variously-directed paths, the distribution of 
those paths, and their manifest structural relation to the 
Solar System, bear testimony to the past existence of that 
system in a nebulous form. Not only do those obvious 
peculiarities in the motions of the planets which first ange 
gested the Nebular Hypothesis, supply proofs of it, but. on 
closer examination we discover, in the slightly-diverging 
inclinations of their orbits, in their various rates of rotation, 
and their difforently-directed sxos of rotation, that the 
planets yield us yot furthor testimony; while the eatellites, 


science of solar physics had talcon shape, because of certain physical difficul- 

ties which wlaad in the way of its argument, when, on locking into recent 

‘astronomical works, I found that the hypothesis it sets forth respecting the 

Sun's structure has Rinshipa to the several hypothaoes since set forth by 

Zallnor, Faye, and Young. I have therefore decided to lot it stand aa it 
aid. 


‘The contemplated partial suppression just named, was prompted by recog. 
anition of the trath that to effect mechanical mtability the gaseous iotarior of 
the San musi havo density at leant equal to that of the molten shell (greater, 
indeed, af the centre); and this seems to imply » specific gravity higher than 
that which he poasesses, Tt may, indeed, be that the unknowrs elamanta 
‘which spectrum analysis shows to exist in the Stun, are metale of yeey low 
specie gravitica, and that, existing in lange proportion with other of the 
lighter metals, they may form a molten shell not denser than ix implied by 
tho facts. But this oan be regarded as nothing more than a possibility. 

No nood, howover, has arisen for eithor relinquishing or holding but loasoly 
the associated conclusions respecting the constitution of the photowphere and 
fxs envelope, Widely speculative ax seemed theaa suggested corollaries from 
tho Nebular Hypothesis when set forth in 1853, and quite at variance with 
the bellets then current, they proved to be not ill-founded. As the close of 
1860, there came the discoveries of Kirehlioff, proving the existence of 
various metallic vapours in the Sun's atmosphore. 


TE, A, 
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by sondry traits, and especially by their occurrence in. 
greater or less abundance where the hypothesis implies 
greater or less abundance, confirm this testimony. By 
tracing oub the process of planetary condensation, we are 
led to conclusions respecting the physical states of planets 
which explain their anomalous gpecific gravitics. Once 
more, it turns out that what is inferable from the Nebular 
Hypothesis respecting the temperatures of celestial bodios, 
is just what observation establishes; and that both the 
absolute and the relative temperatures of the Sun and 
planets mre thus accounted fer. When we contemplate 
these various evidences in their totality—whon we observe 
thab, by the Nebular Hypothesis, the leading phenomena of 
the Solar System, and the heavens in general, are explicable; 
and when, on the other hand, wo consider that the current 
cosmogony is not only without a single fact to stand on, 
but is at variance with all our positive knowledge of 
Nataro, wo soe that the proof becomes overwhelming. 

Tt remains only to point out that while the genesis of the 
Solar System, and of countless other systems like it, is thus 
rendered comprehensible, the ultimate mystery continues 
as great as ever. The problem of existence is nob solved: 
it is simply removed furthor back. ‘The Nebular Hypothesis 
throws no light on the origin of diffused mattor; and 
diffused matter as much needs accounting for as concrete 
matter. The genesis of an atom is not easier to conceive 
than the genesis of a planct. Nay, indeed, so far from 
making the Universe leas a mystery than before, it, makes 
it greater mystery, Creation by manufacture is a much 
lower thing than creation by evolution. A man can put 

ther a machine; but he cannot make « machine 
dovelop itself. ‘That our harmonious universo once existod 
potentially as formless diffused matter, and has slowly 
grown into its present organized stato, is a far more aston- 
ishing fact than would have been its formation after the 
artificial method valgarly supposed. Those who hold it 
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legitimate to argue from phcnomens to noomena, may 
rightly contend that the Nebular Hypothosis implies a First 
Cause as much transconding “the mechanical God of 
Paloy,” as this does the fetish of the savage, 


ADDENDA, 


Srecunarive as is much of the foregoing essay, it 
appears undesirable to include in it anything still moro 
speculative. For this renson I have decided to eet forth 
separately somo views concerning the gonesis of the 
so-called elements during nebular condensation, and con- 
corning tho accompanying physical effects. At the same 
time it has seemed best to detach from the essay some of 
the more debatable conclusions originally coutained in it; 
so that its general argument may nob be ancedlessly 
implicated with them. Those new portions, together with 
the old portions which re-appear more or less modified, 
T horo append in a sorios of notes. 


Nore I. For the belief that the so-called clomonts are 
compound there are both special reasons and general 
reasons, Among the special may be named the parallelism 
between allotropy aud isomerism; the numerous lines in 
the spectrum of each element; and the cyclical law of 
Newlands and Mendeljeff, Of the moro general reasons, 
which, as distinguished from theee chemical or cheinico- 
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physical ones, may fitly be called cosmical, the 
are the chief. a 

‘The general law of evolation, if it does not actual 
involve the conclusion that the so-called elements 
compounds, yet affords a priori ground for suspecting that 
they ure such. The implication is that, while the matter 
composing the Solar System has progressed physically 
from that relatively-homogeneous state which it had as 
s nebula to that relatively-heterogencons state presented 
by Sun, plancts, and satellites, it has also progressed 
chemically, from tho relatively-homogencous state in which 
it was composed of one or a few types of matter, to that 
relatively-heterogeneous state in which it is composed of 
many types of mutter very diverse in their p: i 
‘This deduction from the law which holds throughout the 
cosmos as now known to us, would have much weight even 
were it unsapported by induction ; but a survey of chemical 
phenomena at large discloses several groups of inductive 
evidences supporting it. 

‘Tho first is that since the cooling of the Earth reached an 
advanced stago, the components of its erust have been ever 
increasing in heterogeneity. When the so-called elements, 
originally existing in a dissociated state, united into oxides, 
neids, and other binary compounds, the total number of 
different substances was immensely augmented, the new 
substances were more complex than the old, and their pro- 
perties were more yaried, ‘I'hat is, the assemblage became 
more heterogeneous in its kinds, in the composition of each 
kind, and in the range of chemical characters. When, at a 
lator period, there arose salts and othor compounds of similar 
degrecs of complexity, there was again an increase of 
heterogencity, alike in the aggregate and in its members. 
And when, still Intor, matters classed as organic became 
possible, the maltiformity was yet further sugmented in 
Kindrod ways. If, then, chemical evolution, so far as wo 
can trace it, has been from the homogeneous to the hotero- 
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geneous, may wo not fairly suppose that it has beon eo 
from the beginning? If, from late stages in the Earth's 
history, we run back, and find the lines of chemical 
evolution continually converging, until they bring us to 
bodies which we cannot decompose, may we not suspect 
that, could we run back these lines still further, we should 
come to still decreasing heterogencity in the number 
and nature of the substances, until wo reached something 
like homogencity ? 

A parallel argamont may be derived from consideration 
of the affinities and stabilitios of chemical compounds, 
Beginning with the complex nitrogenous bodies out of 
whieh living things are formed, and which, in the history of 
the Barth, are the most modern, at the same time that they 
are the most heterogencous, we soe that the affinities and 
stabilities of these are extremely small. Their molecules 
do nob enter bodily into union with those of other sub- 
stances so as to form more complex compounds still, and 
their components often fail to hold together under ordinary 
conditions. A stago lower in degroo of composition wo 
come to the vast assemblage of oxy-hydro-carbons, numbers 
of which show many and decided affinities, and are stable 
at common temperatures, Passing to the inorganic group, 
we are shown by the salts dc. strong affinities between 
their components and unions which are, in many cases, 
not very easily broken. And thon whon we como to the 
oxides, acids, and other binary compounds, we eee that in 
many cases tho clomonts of which they are formed, when 
bronght into the presence of one another under favourable 
conditions, unite with violence; and that many of their 
unions cannot be dissolved by heat alone. If, then, as we 
go back from the most modern and most complex substances 
to the most ancient and simplest substances, we see, on the 
average, @ great increase in affinity and stability, it results 
that if the zame Jaw holds with the simplest substances 
known to us, the components of these, if they are compound, 
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may be assamed to have united with affinities far more 
intense than any we have experience of, and to cling together 
with tonacities far oxceoding tho tenacities with which 
chemistry acquaints us. Hence the existence of a class of 
substances which are undecomposable and therefore seem. 
simple, appoars to be an implication; and the corollary is 
that these were formed during early stages of terrestrial 
concentration, under conditions of heat and pressure which 
we cannot now parallel. 

Yet another support for the belief that the so-called 
elements are compounds, is derived from a comparison of 
thom, considered as an aggregate ascending in their mole- 
cular weights, with the aggregate of bodies known to be 
compound, similarly considered in their ascending molecular 
weights. Contrast the binary compounds as a class with 
the quaternary compounds as » class. The molecules 
constituting oxides (whether alkaline or acid or neutral) 
chlorides, sulphurets, &o. are relatively small; and, com- 
bining with great avidity, form stable compounds, On 
tho other hand, the molecules constituting nitrogenous 
bodies are rolatively vast and are chemically inert; and 
such combinations as their simpler types enter into, cannot 
withstand disturbing forces. Now a like difference is seen 
if we contrast with one another the so-called elements. 
Those of relatively-low molecular weights—oxygen, hy- 
drogen, potassium, sodium, &c.,—show great readiness to 
unite among themselves; and, indeed, many of them 
cannot be prevented from uniting under ordinary conditions. 
Contrariwiso, undor ordinary conditions the substances of 
high molecular weights—the “noble metals”"—are indifferent 
to other substances ; and such compounds as they do form 
under conditions specially adjusted, are easily destroyed. 
Thus os, among the bodies we know to be compound, 
increasing molecular weight is associated with the appear- 
ance of certain characters, and as, among the bodies’ wo 
class as simple, increasing molecular weight is associated 
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‘with the appearance of similar characters, the composite 
nature of the elements is in another way pointed to. 

‘here has to be added one further class of phenomena, 
congruous with those above named, which here specially 
concerns us. Looking generally ab chemical unions, we see 
that the heat evolved usnally decreases as the degree of 
composition, and consequent massivencss, of tho molecules, 
increases. In the first place, we have the fact that during 
the formation of simplo compounds the heat evolved is 
much greater than that which is evolved during tha 
formation of complex compounds: the elements, when 
uniting with one another, usually give out much heat; 
while, when the compounds they form are recompounded, 
but little heat is given out; and, as shown by the 
experiments of Prof. Andrews, the heat given out during 
the union of acids and boses is habitually smaller whore 
the molecular weight of the base is greater. Then, in the 
second place, we see that among the elements themselves, 
the unions of those having low molecular weights reauit in 
far more heat than do the unions of those having high 
molecular weights. If we proceod on the supposition that 
the so-called elements are compounds, and if this law, if 
not universal, holds of undecomposable substances as of 
decomposable, then there are two implications. The one 
ie that those compoundings and recompoundings by which 
the elomonts were formed, must have been accompanied 
by degrees of heat exceeding any degrees of heat known to 
us. The other is that among these compoundings und 
recompoundings themselves, those by which the small- 
moleculed elements were formed produced more intense 
heat than those by which tho large-moleculed elements 
were formed: the clements formed by the final rocom- 
poundings being necessarily later in origin, and at the 
game time leas stable, than the earlier-formed ones. 


Nore Ee May we from these propositions, and especially 
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from the last, draw any conclusions respecting the evolution 
of heat during nebular condensation ? And do such con 
clasions affect in any way the conclusions now current 

In the first place, it seems inferable from physico- 
chemical facts at large, that only through the instrumen- 
tality of those combinations which formed the elements, did 
the concentration of diffused nebulous matter into concrete 
masses become possible, If we remember that hydrogen 
and oxygen in their uncombined states oppose, the one an 
insuperable and the other an almost insuperable, resistance 
to liquefaction, while whon combined the compound 
assumes the liquid state with facility, we may suepect that 
in like mannor the simpler typos of matter out of which 
the cloments were formed, could not have been reduced even 
to anch degrees of density as the known gases show us, 
without. what we may call proto-chemical unions: the 
implication being that after the heat resulting from each 
of such proto-chemical unions had escaped, mutual gravitn~ 
tion of the parts was able to produce further condensation 
of the nobulous mass. 

If wo thus distinguish between tho two sources of heat 
accompanying nebular condensation—the heat due to proto- 
chemical combinations and that due to the contraction eansed 
by gravitation (both of them, however, being interpretable 
a consequent on loss of motion), ib may be inferred that 
thoy take different shares during the earlier and during the 
later stages of aggregation. It seems probable that while 
the diffusion is great and the force of mutual gravitation 
wmall, the chief source of hont is combination of units of 
matter, simpler than any known to na, into such units of 
matter a8 those we know; while, conversely, when there 
has been reached close aggregation, the chief source of 
heat is gravitation, with consequent pressure and gradual 
contraction, Supposing this to be so, let us ask what may 
be inferred. Jf at tho time when tho nebulous spheroid 
from which the Solar System resulted, filled the orbit of 
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Neptane, it had reached such a degren of density as 
enabled those units of matter which compose the sodium 
molecules to enter into combination ; and if, in conformity 
with the analogies above indicated, the heat evolved by 
this proto-chemical combination wea great compared with 
the heats evolved by the chomical combinations known 
to us; the implication is that the nebulous spheroid, in 
the course of its contraction, would have to get rid of a 
much larger quantity of heat than it would, did it commence 
at any ordinary temperature and had only to lose the heat 
consequent on contraction, That is to say, in estimating 
the pasb period during which solar emizsion of heat has 
beon going on at a high rate, much must depend on 
the initial temperature assumed ; and this may have been 
rendered intense by the proto-chemical changes which took 
place in early stages.” 

Respecting the future duration of the solar heat, there 
must also be differences between the estimates made 
according as we do or do not take into account the proto- 
chomical changes which possibly havo still to take placo. 
‘True as it may bo that tho quantity of heat to bo emitted 


* Of courte there remains the question whether, before the stage hoce 
reeognined, there bad already beon produced a high temperatura by those 
‘collisions of celostia! masses wliich reduced the matter to a nebulous form, Ax 
suggested in Firat Principles (§ 196 in tho edition of 1802, and § 182 in subs 
‘eminent editions), there must, after thorw have bedn effected all those minor 
issclations which follow evolutions, remain to bo effected the dissolutions 
‘of the grest bodies n and cn which tho minor evolutions snd dissolutions 
have taken place; and it was argued that such dissolutions will be, at some 
‘time or other, effected by those immense transformations of molar motion into 
tmolroalar motion, orassquent on collisions : the argument being based on the 
sistement of Sir John Horschel, that in clusters of stars collisions must 
inevitably occur, Tt may, howover, bo objected that though auch a remilt 
may bo reatonably looked for in clowly aggrogatod assomblages of stars, it 
a diffioalt to conceive of ita taking place throughout our Sidereal System ab 
Jarge, the meuibers of which, and their intervals, may be roughly figured as 
fine-beails $0 miles apart, Tt would seem that something like an eternity 
fuust elapse before, by ethereal resistance or othor cause, thea can be 
brought into proximity great enough to meke collisions probable, 
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is measured by the quantity of motion to be lost, and that 
this must be the same whether the approximation of the 
molecules is effected by chemical unions, or by mutual 
gravitation, or by both; yet, evidently, everything must 
tarn on the degree of condensation supposed to be 
eventually reached ; and this must in large measure depend 
on the naturos of the substances eventually formed. Though, 
by spectrum-analysis, platinum has recently been detected 
in the solar atmosphere, it seems clear that the metals of 
Jow molecular weights greatly predominate ; and supposing 
the foregoing arguments to be valid, it may be inferred, ax 
notimprobable, that the compoundings and recompoundiugs 
by which the heavy-moleculed elements are produced, not 
hitherto possible in large measure, will hereafter take 
place ; and that, as a result, the Sun’s density will finally 
become very great in comparison with what it is now. I 
say “not hitherto possible in large measure”, becauso i 
feasible supposition that they may be formed, and can eon~ 
tine to exist, only in certain outer parts of the Solar mass, 
where the pressure is sufficiently great while the heat is nob 
too great. And if this be so, the implication is that the 
interior body of the San, higher in temperature than its 
peripheral layers, may consist wholly of the metals of low 
atomic weights, and that this may be a part cause of his 
low specific gravity; and a further impheation is that 
when, in course of time, the internal temperature falls, the 
heavy-moleculed elements, as they severally become capable 
of existing in it, mayarixe: the formation of each having an 
evolution of heat as its concomitant.* If so, it would seem to 

* The two sentences which, in tho text, preoode the asterisk, I have 
{utroduced while these pages are standing in type: being led to do so by the 
perusal of some notes kindly lent to me by Prot. Dewar, containing the out 
lino of w tecture he gave at the Royal Institation during tho session of 1880. 
‘Discussing the conditions under which, if “our so-called elements are com- 
pounded of elemental matter", they may have been formed, Prof. Dewar, 
‘arguing from the known habitudes of compound substances, concludos that 
tho formation is in each ease # function of pressure, temperatury, and nature: 
of the cnvironing gasea. 
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follow that the amount of heat to be emitted by tho Sun, 
and the length of the period during which the emission 
will go on, must be taken as much greater than if the 
Sun is supposed to be permanently constituted of the 
elements now prodominating in him, and to be capablo 
of only that degree of condensation which such com- 
position permits. 


More IH. Are the internal structures of cclostial bodios 
‘all the same, or do they differ? And if they differ, can we, 
from the process of nebular condensation, infer the con- 
ditions under which they assume one or other charactor? 
In the foregoing essay as originally published, these ques- 
tions were discussed; and though the conclusions reached 
cannot be sustained in the form given to them, they foro 
shadow conclusions which may, perhaps, be sustained. 
Referring to tho conceivable causes of unlike specific 
gravitios in tho mombors of the solar system, it was said 
that these might be— 

“1, Differences between the kinds of matter or matters composing them, 

2. Differences between the quantities of matter ; for, other things equal, the 
motual gravitation of stoms will make a large masa donut than a email 
eae. 3, Differences between the structures: the rasson being either solid 
or liquid throughout, or having central cavities filled with elastic s&riform 
sobsianen. Of those threa conceivable causes, that commonly asignod is 
the firat, moro or loas modified by the second.” 
Written as this was before spectrum-unalysis had made 
its disclosures, no notice could of course be taken of the 
way in which theee conflict with the first of the foregoing 
suppositions; but after pointing out other objections to 
it the argument continued thus :— 

“ Howover, spite of these dificulties, the current hypothesis is, thas the 
joaive of the Earth, are either solid or liquid, er havo 
id muclei."* 

* At the date of thie paxenge the establiahed teleology made it reem needfal 
to assume that all the planets are babiinble, and that even beneath the 
photosphore of the San thera exista a dark body which may be the xcene of 
ito; but ince then, the inflacnes of teleology ns so far diminished that 
this hypothesis ean no longer be called the current one. 
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After saying that tho familiarity of this hypothesis must 
not delade es into uncritical acceptanos of it, bat that if 
any other hypothesis is physically possible it may reason- 
ably be entertained, ae Oa ee 
the process of condensation in a nebaloas 

are led to infer the eventaal formation of ‘molten sbell 
with a nucleus consisting of gascous matter at high tension. 
The paragraph which then follows rans thus:— 

“ Bat what,'" it may be asked, “ will become of this gnscous ¥ 
exposed to the enormous gravitative pressure of shell some | et 
‘tiles thick? How can acriform matter withstand esob s pressuse?’ 
‘Very readily. It has bees proved that, even when the host genomted by 
compression i allowed to escape, some gases remain uncondensible by any 
force we can profore. Ax cranccensfal attenpt lately made in Vienna te 
Liguify eaygon, clearly chow: this enormous resistance. ‘The steek piston 
employed was literally shortened by the pressure use; and yet the gas 
remained unliquified! If, then, the exyansive force is thus immense when 
the heat evolved is diesipated, what mast it be when that heat is im great 
measure deiained, ws in the case we are considering? Indeed the expert- 
‘eaoes of Mf, Cagniard do Latour have shown that gates may, under proseate, 
acquire the density of liquide while retaining the arciform state, provided 
the tampersture continues extremely high. In such a ease, every addition 
fo the beat is an adilition to the repulsive power of the stores: the 
increased pressure itself generates an increased ability to resist; and this 
Teraine true to whatevor oxteat the compression is carried. Indead it i 
corollary from the persistence of force that if, under increasing presaure, 
& gas retains all the heat cvolvod, {ts reaisting foros Is alvolutely untimited. 

Hence the internal planetary structure we have desoribed i a8 physically 
stable a one as that commonly assumed.” 

Had this paragraph, and tho subsoquont paragraph, been 
written five yeurs later, when Prof. Andrews had published 
an account of his researches, the propositions they contain, 
while rendered more specific and at tho same time more 
defensible, would perhaps have been froed from the 
erroneous implication that tho internal structure indicated 
ix an universal one. Let us, while guided by Prof. Androws’ 
results, consider what would probably be the successive 
changes in a condensing nebulous spheroid, 

Prof. Andrews has shown that for each kind of gaseons 
matter there is a temperature above which no amount of 
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pressure can cause liquefaction. The remark, made a priort 
in the abore extract, “that if, under increasing pressure, 
& gas retains all the heat ovolvod, its resisting force is 
absolutely unlimited”, harmonizes with the inductively- 
reached result that if the temperature is not lowored to ita 
“critical point” s gas does not liquify, however great the 
force applied. At the same time Prof. Andrews’ experi« 
ments imply that, supposing the temperature to be lowered 
to the point at which liquefaction becomes possible, them 
liquefaction will take place where there is first reached the 
required pressuro. What aro the corollaries in rolation to 
concentrating nebulous spheroids ? 
Assume a spheroid of such sizo an will form one of the 
inforior planots, and consisting externally of a voluminous, 
cloudy atmosphere composed of the less condensible elo~ 
ments, and internally of metallic gases: such internal 
gases being kept by convection-currents at temperatures 
not very widely differing, And aseume that continuous 
radiation has brought tho internal mass of metallic gases 
down to the critical point of tho most condensible. May 
we not say that there is a size of the spheroid euch that the 
pressure will not be great enough to produce liquefaction 
at any other place than the centre? or, in other words, 
that in the process of decreasing temperature and increns- 
ing pressure, the centre will be the place ab which the 
combined conditions of pressure and temperature will bo 
first reached? If #0, liquefaction, commencing at the 
contro, will spread thence to the poriphory; and, in virtua 
of the law that solids have higher melting points under 
pressure than when froe, it may be that solidification will 
similarly, at a later stage, begin at the centre and progress 
outwards: eventually producing, in that case, a state such 
as Sir William Thomson alleges cxists in the Earth. But 
now suppose that instead of such a spheroid, wo assumo 
‘ono of, say, twenty or thirty times the masz; what will then 
happen? Notwithstanding convection-currents, the tem- 





perature at the centro must always be higher than elue- 
whero; and in the process of cooling the “critical point” 
of temporature will sooner be reached in tho outer parts. 
Though the requisite pressure will not exist near the 
surface, there is evidently, in « lange spheroid, a depth 
below the surface at which the pressure will be great: 
enough, if the temperature is sufficiently low. Hence it 
is inferable that somewhere between centre and surface im 
the supposed larger spheroid, there will arise that state 
doseribed by Prof. Andrews, in which “flickering etrim’” 
of liquid float in gaseous matter of equal density. And it 
may be inferred that gradually, as the process goes on, 
theso strie will become more abundant while the gaseous 
interspaces diminish; until, eventually, the liquid becomes 
continuous. Thus there will result a molten shell contain= 
ing gaseous nucleus equally dense with itself at their 
surface of contact aud more dense at the centre—a molten 
shell which will slowly thicken by ndditions to both exterior 
and interior, 

That a solid crust will eventually form on this molten 
shell may be reasonably concluded. To the demurrer that 
solidification cannot commence at the surface, because 
the solids formed would sink, there are two replies. The 
first is thab various metals expand while solidifying, and 
therefore would float, ‘The second is that since the envelope 
of the supposed spheroid would consist of the gases and 
non-metallic cloments, compounds of theso with the metals 
‘and with one another would continually accumulate on the 
molten shell; and the crust, consisting of oxides, chlorides, 
sulphurets, and the rest, having much less specific gravity 
than the molten shell, would be readily supported by it. 

Olearly » planet thus constitated would be in an unstable 
stato. Always it would romain liable to » catastrophe 
resulting from chango in its gaseous nucleus, If, onder 
fome condition of pressure and temperature eventually 
reached, the components of this suddenly entered into one 
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of those proto-chemical combinations forming a new elo- 
ment, there might result an explosion capable of shattering 
the entiro planet, and propelling its fragments in all 
directions with high velocities. If the hypothetical planet 
between Jupiter and Mars was intermediate in size as in 
position, it would apparently fulfil the conditions under 
which such a catastrophe might occur. 


Nore IV. The argument sot forth in the foregoing note, 
is in part designed to introduce a question which seems 
to require re-consideration—the origin of the minor planets 
or planetoids. The hypothesis of Olbers, as propounded 
by him, implied that the disruption of the assumed planet 
between Mars and Jupiter bad taken place at no very 
remote period in tho past; and this implication was shown 
to be inadmissible by tho discovory that there exists no such 
point of intersection of the orbits of tho planetoids as the 
hypothesis roquires. Tho inquiry whother, in the past, 
there was any nearer approach to a point of intersection 
than at presont, having resulted in a negative, it is held 
that the hypothesis must be abandoned. It is, however, 
admitted that the mutual perturbations of the planetoids 
themselves would suffice, in the course of some millions of 
years, to destroy all traces of a place of intersection of their 
orbits, if it once existed. But if this be admitted why need 
tho hypothesis be abandoned? Given such duration of the 
Solar System as is currently assumed, there seems no 
se of # few millions of yours should present 

‘The explosion may #5 well have taken 
place ten million years ago as at any more recent period, 
‘And whoever grants this must grant that the probability 
of tho hypothesis has to be estimated from other data. 

As a preliminary to closer consideration, let us ask what 
may be inferred from the rate of discovery of tho planotoids, 
and from the sizes of those most recently discovered. In 
1878, Prof. Newcomb, arguing that “the preponderance of 
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evidence is on the side of the number and magnitude being — 
limited”, says that “the newly discovered ones” “do nob 
seem, on the ayorngo, to be materially smaller than thozo 
which were discovered ten years ago”; and further that 
“the new ones will probably be found to grow decidedly 
rare before another hundred are discovered”. Now, 

tion of the tables contained in the just-published fourth 
edition of Chambers’ Descriptive Astronomy (vol. I) shows 
that whereas the planetoids discovered in 1868 (the year 
Prof, Newcomb singles out for comparison) have an average 
magnitudo of 11°56 those discovered Inst your (1888) hayo 
an average magnitude of 12°43, Further, it is observable 
that though more than ninety have been discovered since 
Prof. Newcomb wrote, they have by no means become 
rare: the year 1888 having added ten to the list, and 
having therefore maintained the average rate of the 
preceding ten years, If, then, the indications Prof. New- 
comb names, had they arisen, would have implied a limita- 
tion of the number, theso opposite indications imply that 
the number iaunlimited, The reasonable conclasion appoars 
to be that these minor planets are to be counted not by 
hundreds but by thousands ; that more powerful teloscopes 
will go on revealing still emaller ones; and that additions 
to the list will cense only when the smallness ends in 
invisibility. 

Commencing now to scrutinize the two hypotheses 
roupecting the gonesis of these multitudinons bodies, I may 
first remark concerning that of Laplace, that he might 
possibly not have propounded it had he known that instead 
of four such bodies there are hundreds, if not thousands, 
‘The supposition that they resulted from the breaking up of 
a nebuloas ring into numerous small portions, instead of its 
collapse into one mnas, might not, in such case, have 
seemed to him so probable. It would have appeared 
still lesa probable bad he been aware of all that has since 
been discovered concerning the wide differences of tho 
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orbits in size, their various and often groab eccentricities, 
and their various and often great inclinations. Let us 
look at these and other incongruous traits of them. 

_(1.) Botwoon tho greatest and least moan distances of tho 
planetoids there is a space of 200 millions of miles; so that 
the whole of the Earth's arbit might be placed between the 
limits of the zone occupied, and leave? millions of miles on 
either side: add to which that the widest excursions of the 
planctoids occupy zone of 270 millions of miles. Had 
the rings from which Mercury, Venus, and the Harth were 
formed been one-sixth of the smaller width or one-ninth of 
the greater, they would have united; there would have 
been no nebulous rings at all, but continuous disk. Nay 
more, since one of the planctoids trenches upon the orbit of 
‘Mars, it follows that the nebulous ring out of which the 
planetoids were formed must have overlapped that out of 
which Mars was formed. How do these implications consist 
with the nebular hypothosis ? (2.) The tacit assamption 
ueually made is that the different parte of a nebulous ring 
have the same angular velocities. ‘Though this assumption 
may not be strictly trae, yet it seams scarcely likely that 
it is so widely untrue ns it would be had the inner partaf 
the ring an angular velocity nearly thrice that of the outer. 
Yet this is implied. While the period of Thule is 8.8 
years, tho period of Medusa is 31 years. (8.) The 
eccentricity of Jupiter’s orbit is 0°04816, and the eecen- 
tricity of Mars’ orbit is 009311. Estimated by groups 
of the first found and last found of the planetoids, the 
average eccentricity of the assemblage is about three 
times that of Jupiter and more than one and « half times 
that of Mars; and among the members of the assemblage 
thernselves, some have an eccentricity thirty-five times that 
of others. How came this nebulous zone, out of which it 
is eupposed the planctoids arose, to have originated eccen- 
tricities so divergent from one another az well as from those 
of the neighbouring planets? —(4.) A like question may 





be asked respecting the inclinations of the orbits. The 
average inclination of the planetoid-orbits is four times 
the inclination of Mars’ orbit and six times tho inclination 
of Jupiter’s orbit; and among the planetoid-orbits them- 
solves the inclinations of some are fifty times thoso of 
others. How are all these differences to be accounted 
for on the hypothesis of genesis from a nebulous ring? 
(.) Mach greater becomos the difficulty on inquiring how 
these extremely unlike eccentricities and inclinations came 
to co-exist before the parts of the nebulous ring separated, 
and how thoy survived after the separation. Wore all tho 
great eccentricities displayed by the outermost members of 
the gronp, and the small by the innermost members, and were 
the inclinations so distributed that the orbits having much 
belonged to one part of the group, and those having little 
to another part of the group ; the difficulty of explanation 
might not be insuperable. But the arrangement is by no 
means this. The orbits are, to use an expressive word, 
miscellaneously jumbled, Hence, if we go back to the 
nebulous ring, there presente itself the queetion,—How 
came each planetoid-forming portion of nebulous matter, 
when it gathered itself together and separated, to have 
a motion round the Sun differing so much from the motions 
of its neighbours in eccentricity and inclination? And 
there presents itself the farther question—How, daring 
the time when it was concentrating into a planetoid, did it 
manage to jostle its way through all the differently-moving 
like musses of nebulous mattor, and yot to prescrve its 
individuality? Answors to these questions are, it seems to 
mo, not even imaginable. 


Turn we now to the alternative hypothesis. During re- 
vision of the foregoing essay, in preparation for that edition 
of the yolume containing it which was published in 1883, 
there occurred the thought that some light on the origin 
of the planctoids ought to be obtained by etudy of their 
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distributions and movements. If, as Olbera supposed, they 
resulted from the bursting of @ planet once revolving in 
the region they occupy, the implications are :—first, that 
tho fragmonts must be most abondant in the space 
immediately about the original orbit, and less abundant far 
away from it; second, that the large fragments must be 
relatively fow, whilo of smaller fragmonts the numbers will 
increase as the sizes decrease ; third, that ns somo among 
the smaller fmgmenta will be propelled farthor than any of 
the larger, the widest deviations in mean distance from the 
mean distance of the original planet, will bo presented by 
the smallest members of the assemblage ; and fourth, that 
the orbits differing most from the rest in eccentricity and 
in inclination, will be among those of these smallest 
mombers. In tho fourth edition of Chambors's Handbook 
of Descriptive and Practical Astronomy (the first volumo of 
which has just boon issued) there is a list of the cloments 
(extracted and adaptod from the Berliner Astronomischer 
Jahrbuch for 1890) of all the small planets (281 in number) 
which had been discovered up to the end of 1888, 
‘The apparent brightness, as expressed in equivalent star- 
magnitudes, is the only index we have to the probable 
comparative sizos of by far tho largost number of the 
planetoids: the exceptions being among those first dis- 
covered. Thus much premised, let us take the above 
points in order. (1) Thore is » region lying between 
2°50 and 2°80 (in terms of the Earth’s mean distance from 
the Sun) where the planctoids are found in maximum 
abundance, The mean between these extremes, 2°65, is 
nearly the same as the average of the distances of the 
four largost and carliost-lknown of these bodies, which 
amounts to 2°64. May wo not say that the thick clustering 
about this distance (which iz, however, rather less than 
that assigned for the original planet by Bode's empirical 
lav), in contrast with the wide scattering of the com- 
paratively few whose distances are little more than 2 or 
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excced 8, is a fact in accordance with the hypothesis in 
question ?# = (2) Any table which gives tho apparent 
magnitudes of tho planctoids, shows at once how much 
the number of tho smaller members of the assemblago 
exceeds that of those which are comparatively large; and 
every succeeding year has emphasized this contrast more 
strongly. Only one of them (Vesta) exceeds in brightness 
the seventh star-magnitude, while one other (Ceres) is 
between the soventh and eighth, and a third (Pallas) is 
above the eighth ; but between the cighth and ninth thero 
are six; between the ninth and tenth, twenty; between the 
tenth and oloventh, fifty-five ; below the eleventh a much 
Jargor number is known, and the numbor existing is 
probably far greater,—a conclusion we cannot doubt 
when the difficulty of finding the very faint membors of 
the family, visible only in the largest telescopes, is con- 
sidered. (3) Kindred evidence is furnished if we broadly 
contrast their mean distances, Out of tho 13 largest plane- 
toids whose apparent brightnoases exceed that of a star 
of tho 95 magnitude, there is not ono having a mean 
distance that exceeds 8. Of those haying magnitudes 
at least 9-5 and smaller than 10, there are L5; and of 
these one only has a mesn distance greater than 3, Of 
those hetween 10 and 10% there are 17; and of these 
also there is ono excecding 3 in mean distoneo. In the 
noxt group there are 37, and of these 5 have this great 
mean distance. Tho next group, 48, contains 12 such; 
the next, 47, contains 13 such. Of those of the twolfth 
magnitude and fainter, 72 planetoids have been discovered, 


"Tt may hore be mentioned (though the principal significance of this 
‘comes under the nox! head) that the average mean distance of the later-dis- 
covered planctoids is somewhat greater than that of these carlier-discovered ; 
ampunting to 261 for Nos. 1 lo 85 and 2°80 for Nox 211 to245. Yor this 
leervation I am indebted to Mr. Lynn; whose attention was drown to it 
while revising for me the statements contained in this paragraph, 80 as to 
fnotude discoveries made sineo the parngraph was written. 


‘THE NRSULAS UYrOriESIS. 178 


nnd of those of them of which the orbita have been 
computed, no fewer than 23 have a mean distanco 
exceeding 3 in terms of the Earth’s. It is evident from 
this how comparatively erratic aro the fainter members of 
the extensive family with which we are dealing. (4) ‘To 
lustrate the nextspoint, it may be noted that among the 
planetoids whose sizes have boon approximately measured, 
the orbits of tho two largest, Vesta and Corea, hava 
eocentricitics falling between -05 and ‘10, whilet the orbits 
of the two smallest, Monippe and Eva, have eccentricities 
falling between -20 and -25, and between *30 and “35. 
And then among those more recently discovered, having 
diameters so small that measurement of them has not been 
practicable, come the extremely erratic ones,—Hilda and 
Thule, which have mean distances of 3°97 and 425 
respectively; Althra, having an orbit #o eccentric that it 
‘cuts the orbit of Mars ; and Modasa, which has the smallost 
mean distance fromthe San ofany, (5) Ifthe average 
eccentricities of the orbits of tho planctoids grouped 
according to their decreasing sizes are compared, no very 
definite results are disclosed, excepting this, that the eight 
Polybymnia, Atalanta, Eurydice, Athra, Eva, Andromacho, 
Istria, and Badora, which have the greatest eccentricities 
(falling between -30 and -38), are all among those of 
smallest star-magnitudes. Nor when we consider the 
inclinations of the orbits do wo meet with obvious veri- 
fications; since tho proportion of highly-inclined orbits 
among the emaller planetoids does not appear to be greater 
than among the others. But consideration shows that 
there are two ways in which these last comparisons are 
vitiated. One is that the inclinations are measured from 
the plane of tho ecliptic, instead of being measured from 
tho plano of the orbit of the hypothetical planet. The 
other, and more important one, is that the search for 
planctoids has naturally beon carried on in that com- 
psrativoly narrow zone within which most of their orbits 
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fall; and that, consequently, those having the most highly- 
inclined orbits ure the least likely to have been detected, 
especially if they aro at tho same timo among the emallost. 
Moreover, considering the general relation between the 
inclination of planetoid orbits and their eccentricities, 
it is probable that among the orbits of these undetected 
planotoids are many of the most eccentric. But while 
recognizing the incompleteness of the evidence, it seems to 
me that it goes far to justify the hypothesis of Olbers, and 
is quite incongruous with that of Laplace. And as having 
the same meanings let me not omit the remarkable fact 
concerning the plunetoids diseovered by D’Arrest, that “if 
their orbits are figured under tho form of material rings, 
these rings will be found so entangled, that it would bo 
possible, by means of one among them taken at hazard, to 
lift up all the rest,”—a fact incongruous with Laplace's 
hypothesis, which implies an approximate concentricity, bub 
quite congrnons with the hypothesis of an exploded planet, 

Next to be considered come phenomens, the bearings of 
which on the question before us are scarcely considered—I 
mean those presented by meteors and shooting stars, The 
natures and distributions of these harmonize with the 
hypothesis of an exploded planet, and T think with no 
other hypothesis. The theory of volcanic origin, joined 
with the remark that the Sun emits jets which might propel 
them with adequate velocities, seems quite untenable. Such 
meteoric bodies as have descended to us, forbid absolutely 
tlle supposition of solar origin. Nor can they rationally 
be ascribed to planetary volcanoes. Even were their 
mineral characters approprinto, which many of them aro 
not (for volcanoes do not eject iron), no planetary volcanoes 
could propel them with anything like the implied velocity— 
could no more withstand the tremendous force to be assumed, 
than could @ card-board gun the force behind a rifle bullet. 
Bat that their mineral characters, various a8 they are, 
harmonize with the supposition that they were derived 
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from the crust of a planet is manifest; and that the burst- 
ing of a planct might give to them, and to shooting ators, 
the needfal velocities, ia a reasonable conclusion. Along 
with those larger fragments of the crust constituting the 
known planotoids, varying from some 200 miles in diameter 
to little over @ dozen, there would be sent out still more 
multitudinous portions of the crust, decreasing in size as 
they increased in nusiber. And while there would thus 
result such masses as occasionally fall through the Harth’s 
atmosphere to its surface, there would, in an accompanying 
process, be an adequate cange for the myriads of far smaller 
masses which, as shooting stars, are dissipated in passing: 
throngh the Earth’s atmosphere, Let us figure to onrvolves, 
aa well as we may, the process of explosion. 

Assume that the diameter of the missing plaveb was 
20,000 miles; that its solid crust was o thousand miles 
thick; that under this camo a shell of molten metallic 
matter which was another thousand miles thick; and that the 
space, 16,000 miles in diameter, within this, was oceupied by 
the equally donse mass of gasos above the “critical point”, 
which, entering into a proto-chemical combination, enused 
the destroying explosion. ‘Tho primary fissures in tho crust 
mast have been fac apart—probably averaging distances 
between them ax great as the thickness of the crust. Sups 
posing them approximately equidistant, there would, in the 
equatorial periphery, be between 60 and 70 fissures. By 
tho timo the primary fragments thus separated had been 
heaved milo outwards, the fissures formed would severally 
have, at the surface, a width of 170 odd yards. Of course 
those groat masses, as soon as they moved, would thom- 
selves begin to fall in pieces ; especially at their bounding 
surfaces. But paxsing over the resulting complications, we 
see that when the masses had been propelled 10 miles out- 
wards, the fissures between them would be onch a mile wide, 
Notwithstanding the enormous forces at work, an appreciable 
interval would elapse before these vast portions of the crast 
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could be put in motion with any considerable velocities. 

the estimate will be under the mark if we assume 
that it took 10 scconds to propel thom through the first 
mile, and that, by implication, at the end of 20 seconds they 
hnd travelled 4 miles, and nt the end of $0 seconds 9 miles. 
Supposing this granted, let us ask what would be taking 
place in each intervening fissure a thousand miles’ deep, 
which, in the space of half a minute, had opened out to 
nearly o mile wide, and in the subsequent half minute to 
chasm approaching 8 miles in width. There would first be 
propelled through it enormous jots of the molten metals 
composing the internal liquid shell; and these would part 
into relatively small masses as they were shot into space. 
Presently, as the chasm opened to some miles in width, the 
molten metals would begin to be followed by the equally 
dense gaseous matter behind, and the two would rush out 
together. Soon the gases, predominating, would carry with 
them the portions of the liquid shell continually collapsing; 
until the blast became one filled with millions of small 
masses, billions of smaller masses, and trillions of drops. 
‘These would be driven into space in a stream, the omission 
of which would continue for many seconds or even several 
minutes, Romombering the rate of motion of the jets 
emitted from tho solar surface, and supposmg that the 
blasts produced by this oxplosion reached only one-tenth 
of that rate, these myriads of small magses and drops would 
be propelled with planetary velocities, and in approximately 
the same direction, I say approximately, because they 
would be made to deviate somewhat by the friction and 
irregularities of the chasm passed through, and nlso by the 
rotation of tho planet. Obscrvo, however, that though they 
would all havo immonso yolocitios, their velocities would nob 
be equal. During ita earlier stages the blast would bo 
considerably retarded by the resistance which tho sidos of 
its channel offered. When this became rolatively small the 
velocity of the blast would reach its maximum; from which 
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it would decline when the spaco for emission became very 
wido, and the pressure behind consequently less. Hence 
these almost infinitely numerous particles of planet-spray, 
a8 we might call it, as well as those formed by the conden- 
sation of the metallic vapours accompanying them, would 
forthwith begin to part company: some going rapidly in 
advance, snd others falling behind; until the stream of 
them, perpotually clongating, formed an orbit round tho 
Sun, or rather an assemblage of innumerable orbits, eepar- 
ating widely at aphelion and perihelion, but approximating 
midway, where they might fall within a space of, say, some 
two millions of miles, ns do the orbits of the November 
meteors. At later stage of the explosion, when the lange 
masses, having moved far outwards, had also fallen to pieces 
of every size, from that of Vesta to that of an acrolite, and 
whon tho channels just described had ceased to oxiet, tho 
contents of the planet would disperse themeelves with lower 
velocities and without any unity of direction. Henee wo 
see causes alike for the streams of shooting stars, for the 
silitary shooting stars visible to the naked eye, and for the 
telescopic shooting stars score times more numerous. 
Further significant evidence is furnished by the comets 
of short periods, Of the thirteen constituting this group, 
twolve havo orbits falling between those of Mara and 
Jupiter: one only haying ite aphclion beyond the orbit of 
Jupiter. That is to cay, noarly all of thom frequent the 
same region as the planetoids. By implication, they are 
similarly associnted in respectof their periods, ‘The periods 
of the planetoids range from 3.1 to &8 years; and all these 
twelve comets have periods falling between these extremes: 
the least being 3.29 and the greatest 8.86. Once moro 
this family of comets, like the planctoids in the sone thoy 
ocoupy and liko them in their periods, are like them also 
in the respect that, as Mr. Lynn has pointed ont, their 
motions are all direct. How happens this close kinship— 
Low heppens there to be this funily of comets so much like 
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years ngo—an objection which is in fact no objection; for 
‘the supposition that the explosion occurred many millions 
of years ago ie a ene St 
oceurred recently. 

It is, indeed, farther objected that some of the resulting 
fragments onght to have retrograde motions. Tt turns out 
on calculation, however, that this is not the case. Assuming 
‘as true the velocity which Lagrange estimated would haro 
sufficed to give the four chief planetoids the positions they 
occupy, it rosults that such a velocity, given to the frag- 
ments which were propollod backwards by the explosion, 
would not have given them retrograde motions, but would 
simply have reduced their direet motions from something 
over 11 miles per second to about 6 miles per second. Tt 
is, however, manifest that this reduction of velocity would 
have necessitated the formation of highly-clliptic orbits— 
moro clliptic than any of thoso at present known. This 
ecems to me the most ecrious difficulty which has presented 
itself, Still, considering that thero remain probably an 
immense nomber of planetoids to be discovered, it is quite 
possible that among theso there may be some having orbit 
answering to the requirement. 


Norm V. Shortly before I commenced the revision of 
the foregoing essay, friends on two occusions named ta me 
some remarkable photographs of nebulw recently obtained 
by Mr. Isaac Roberts, and oxhibited at the Royal Astro- 
nomical Society: saying that they prosented appearances 
such as might have been sketchod by Laplace in illustration 
of his hypothesis. Mr. Roberts has been kind enough to 
xond me copies of the photographs in question and sundry 
others illustrative of stellar evolation. Those representing 
the Great Nebulw: in Andromeda and Canum Venaticoram 
‘as well as 81 Messier arc at once impressive and instructive 
illustrating os they do the genesis of nebulous rings 
round # central mass. 


a — 
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I may remark, however, that they seom to suggost the 
need for some modification of the current conception; 
since they make it tolerably clear that the process is a 
much less uniform one than ia supposed. The usnal idea is 
that a vast rotating nebulous spheroid arises before there 
ars produced any of the planet-forming rings. But both 
of these photographs apparently imply that, in some cases 
at any rate, the portions of nebulous matter composing the 
rings take shape before they reach the central moss. It 
looks as though these partially-formed snnult must be 
prevented by thelr acquired motions from approaching 
even yory near to tho still-irrogular body they surround. 

Be this as it may, however, and be the dimensions of the 
incipient systems what they may (and it would scem to be 
@ necessary itoplication that they are vastly larger then our 
Solsr System), the process remains essentially the same, 
Practically demonstrated as this process now is, we may 
say that the doctrine of nebular genceis passes from the 
region of hypothesis into the region of established truth, 





THE CONSTITUTION OF THE SUN. 


[First published in The Render for February 25, 1865. 
reproduce this escay chigly to give a place to the speculation 
concerning the aolar spots which forms the latter portion of it.) 


Tx hypothesis of M. Faye, described in your numbers 
for Junuary 28 snd February 4, respectively, is to a con- 
siderable extent coincident with one which I ventured to 
suggest in sn article on “ Recent Astronomy and the Nebular 
Hypothesis,” published in the Westminster Review for July, 
1858, In considering the possible causes of the immense 
differences of specific gravity among the planets, I was led 
to question the validity of the tacit assumption that each 
planet consists of solid or liqaid matter from centre to 
surface. It seemed to mo that any other internal structure 
which was mechanically stable, might be assumed with 
oqual legitimacy. And the hypothesis of a solid or liquid 
shell, having its cavity filled with gaseous matter at high 
pressure and temperature [and of great density], was one 
which seemed worth considering. 

Hence arose the inquiry—W hat structure will result from 
the process of nebular condensation? [Here followed a 
long speculation respecting the processes going on in & 
concontrating nebulous spheroid; tho gencral outcome of 
which is implied in Note III of the foregoing essay. Ido 
not reproduce it because, not having the guidance of Prof. 
Andrew’s researches, I had concluded that the formation of 
a molten shell would occur universally, instead of occasion- 
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ally, as is now argued im the note named. Tho ceaay then 
‘proceeded thas :—] 

The process of condensation being in its essentials the 
same for all concentrating nebular spheroids, planetary or 
solar, it was argued that the Sun is still passing through 
that incandescent stage which all the planets have long 
ago passed through: his later aggregation, joined with tho 
immensely greater ratio of hie mass to his surface, involy- 
ing comparative lateness of cooling. Supposing the sun 
to havo reached tho state of a molten shell, inclosing a 
gaseous nucleus, it was concluded that this molten shell, 
ever radiating its heat, but ever acquiring fresh hent by 
farther integration of the Sun’s mass, mast be constantly kept 
up to that temperature at which its substance evaporates. 

{Here followed part of the paragraph quoted in the 
preceding essay on p. 155; and there succeeded, in subse- 
quent editions, a paragraph aiming to show that the inferred 
stracture of the Sun's interior waa congraous with the low 
specific gravity of the Sun—a conelusion which, ag ine 
dicated on p, 156, implies some very problematical nssump- 
tions respecting the natures of the unknown elements of 
the Sun. ‘There then came this passage :—] 

‘The conception of the Sun’s constitution thus set forth, 
iis like that of M. Faye in so far as the successive changes, 
the resulting structures, and the ultimate state, are con- 
cerned; but unlike it in so far as the Sun is supposed to 
haye reached a later stage of concentration, As I gather 
from your abstract of M. Faye’s paper [this referred to an 
article in The Reader], he considers the Sun to be at present 
a gaseous spheroid, having an envelope of metallic matters 
precipitated in the shape of luminous clouds, the local dis- 
persions of which, caused by currents from within, appear 
to us as spots; and he looks forward to the future forma- 
tion of a liquid film as an event that will soon be followed 
by extinction. Whereas the above hypothesis ia that the 
liqnid “ already exists beneath the visible pootosynero, 
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and that extinction cannot result until, in the course of 
further aggregation, the gaseous nucleus has become so 
much reduced, and the shell so much thickened, that the 
escape of the hent generated is greatly retarded. . . « 
M. Faye’s hypothesis appears to be espoused by him, partly 
because it affords an explanation of the spots, which are 
considered as openings in the photosphere, exposing the 
comparatively non-luminous gases filling the interior. But 
if these interior gases are non-luminous from the absence 
of precipitated matter, must they not for the same reason 
be transparent? And if transparent, will not the light 
from the remote side of the photosphere seen through them, 
be nearly as bright as that of the side next tous? By as 
much as the intensely-heated gases of the interior are dis- 
abled by the dissociation of their molecules from giving off 
luminiferous undulations, by so much must they be disabled 
from absorbing the light transmitted through them. And 
if their great light-transmitting power is exactly comple 
mentary to their small light-emitting power, there seems no 
reason why the interior of the Sun, disclosed to us by 
eponings in the photosphere, should not appear as bright 
as its exterior. 

Take, on the other hand, the supposition that a more 
advanced state of concentration has been reached. A shell 
of molten metallic matter enclosing a gaseous nucleus still 
highor in temperature than itself, will be continually kept 
at the highest temperature consistent with ite state of liquid 
aggregation. Unless we aseume that simple radiation 
suffices to givo off all tho hoat generated by progressing 
integration, we must conclude that the mass will be raised 
to that temperature at which part of its heat is absorbed in 
vaporizing its superficial parts, The atmosphere of metallic 
gases hence resulting, cannot continue to accumulate with- 
out reaching a height above the Sun's surface, at which 
the cooling due to radiation and rarefaction will cause con- 
densation into cloud—cannot, indeed, cease accumulating 
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‘until the precipitation from tho uppor hmit of the atmo- 
sphere balances the evaporation from ita lower limit. This 
upper limit of the atmosphere of metallic gases, whence 
precipitation is perpetually taking place, will form the 
visible photosphere—partly giving off light of its own, 
partly letting through the more brilliant light of the 
incandescent mass below. This conclusion harmonizes with 
the appearances. Sir John Herschel, advooating though 
‘ho doos an antagonist hypothesis, gives a description of tho 
Sun’s surface which agrees completely with the processes 
here supposed. He xnys :— 

“There is nothing which ropresents so faithfully this eppoarance an the 
slow subsidence of some flocoulent chemical precipitates ina transparent 
finid, when viewed perpendicularly trom above: so faithfully, indeed, that {t 
is hardly possible not to be impressed with tho idea of « luminous mediam 
‘intermixed, but not confounded, with s transparent and non-luminous 
atmosphere, either floating as clouds in our alr, or pervnding it in vast sheets 
‘and columns like flame, o tho streamors of our northern lights ".—Zveatine 
‘on datronomy, p. 208, 

If the constitution of the Sun be that which is ubove 
inferred, it does not seem difficult to conceive still more 
specifically the production of these appearances. Every- 
where throughout the atmosphere of metallic vapours which 
clothes tho solar surface, there must be ascending and 
descending currents. Tho magnitude of theso currents must 
obviously depend on the depth of thia atmosphere. If it is 
shallow, the currents must besmall; butif many thousands 
of miles deep, the currents may be wide enough to render 
visible to us the plies at which they severally impinge on 
the limit of the atmosphere, and the places whenco the 
descending currents commence. The top of an ascending 
current will bo a space over which the thickness of con- 
donsed cloud is tho least, and through which the greatest 
amount of light from beneath penetrates. The clouds 
perpetually formed at the top of such a current, will be per- 
petually thrast aside by the uncondensed gases from below 
them ; and, growing while they are thrast aside, will calleck 
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in the spaces between the ascending 
will result the greatest degree of opacity. co 
mottled appearance—hence the “pores,” or dark ie 
spaces, separating the light-giving spots.* ? 

Of tho moro special appesrszoos whist Hae poe paeOa 
presents, let ua take first the faculw, These are 
to waves in tho photosphere; and tho way in which 
waves: might produce an excess of light has been variously 
explained in conformity with various hypotheses. What 
would result from them in a photosphere constituted and 
conditioned as above supposed? ‘Traversing a canopy of 
clond, here thicker and there thinner, a wave would cause P| 
® disturbance vory unlikely to leave the thin and thick 
parts withont any change in their average Perea to 
light. There would probably be, at some parts of the 
wave, extensions in the areas of the light-transmitting 
clonds, resulting in the passage of more rays from below. 
Another phenomenon, less common but more striking, 
appears also to be in harmony with the hypothesis, I 
refer to those bright spots, of a brilliancy greater than that 
of the photosphero, which are sometimes observed. In the 
course of n physical process 80 vast and so active as that 
hore supposed to be going on in the Sun, we may expect 
that concurrent causes will occasionally produce ascending: 
currents much hotter than usual, or more voluminous, Or 
both. One of these, on reaching the stratum of luminous 
and illuminated cloud forming the photosphere, will burs 
through it, dispersing and dissolving it, and ascending tom 
greater height bofore it begins itself to condense: mean 

* If tho ‘rico-grain" appraranes is thus prodveed by the tops of the 
ascending currents (and M, Faye accepts this interpretation), then I think 
it excludes M. Faye's hypothesis that the Sun is gaseous throughout. The 
comparative smaiinesx of the lipght.gving spots and their comparntive 
uniformity of sino, show ws that they have axconded through « stratum of but 
quoderate depth (say 10,000 miles), and that this stratum has a dytwitelower 
Timit. ‘This favours the hypothesis of a molien shell. 
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whilo allowing to be scen, through its transparont mass, 
the incandescent molten shell of the aun’s body, 

[The foregoing passages, to most of which I do not commit 
myself as more than possibilities, I republish chiefly as 
introductory to the following speculation, which, since it 
was propounded in 1865, has meb with some acceptance.) 

“ But what of the spats commonly so called?” it will bo 
asked. In the essay on the Nebular hypothesis, above 
quoted from, it was suggested that refraction of the light 
passing through the deprossed centros of cyclones in this 

here of metallic gases, might possibly be the eanse; 
but this, though defensible as a “ true canso,” appeared on 
forther consideration to be an inadequate cause. Keeping 
the question in mind, however, and still taking ax a pos- 
tulate the conclusion of Sir John Herschel, that the spots 
are in some way prodnced by cyclones, I was led, in the 
course of the ycar following the publication of tho cssay, 
to an hypothesis which seemed more satisfactory. This, 
which I named at the time to Prof. Tyndall, had a point 
im common with the ono afterward publishod by Prof. 
Kirchhoff, in so far as it supposed elond to be the canse of 
darkness; but differed in so far as it assigned the cause of 
such cloud. More pressing matters prevented me from 
developing the idea for some time; and, afterwards, I was 
deterred from including it im tho revised edition of the 
essay, by ite inconsistency with the ‘willow-leaf” doctrino, 
at that timo dominant. The reasoning was as follows :— 
The central region of a cyclone must be a region of 
rarefaction, and, consequently, » region of refrigeration. 
Tu an atmosphere of metallic gases rising from a molten 
surface, and presently reaching a limit at which condensa- 
tion takes place, the molecular state, especially toward its 
upper part, must be stch that a moderato diminution of 
dengity, and fall of temperature, will cause precipitation. 
‘That ia to say, the rarefied interior of a solar cyclone will 
‘be filled with cloud: condensation, instead of taking yw © 
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only at the level of the photosphere, will here extend to a 
great depth bolow it, and overs wide area, What will be 
the characters of a cloud thos oecepying the interior of a 
cyclone? It will have a rotatory motion; and this it has 
been seen to have. Being furmel-shaped, as analogy war 
rants us in assuming, its central parts will be much deoper 
than its peripheral parts, and therefore more opaque. 
This, too, corresponds with observation. Mr. Dawes bas 
discovered that in the middlo of the spot there is » blacker 
spot: just where there would exist a funnel-ghaped pro- 
longation of the cyclonic clond down toward the Sun’s 
body, the darkness is greater than elsewhere. Moreover, 
there is furnished an ndequate reason for the de] 

which one of these dark spaces exhibits, In a whirlwind, 
as in & whirlpool, the vortex will be below the general 
Jovel, and all around, the surface of the medium will de- 
scend toward it. Hence a spot seen obliquely, as when 
carried toward tho Sun’s limb, will have its umbra moro 
and more hidden, while ite penumbrs still remains visible. 
Nor are we without some interpretation of the penumbra, 
If, as is implied by what has been said, the so-called “ wil- 
low-leaves,” or “rice-grains,” are the tops of the currents 
ascending from the Sun’s body, what changes of appear- 
ance are they likely to undergo in the neighbourhood of 
acyclone? For some distance round a cyclone there will 
be a drawing in of the superficial gases toward tho vortex, 
All the luminous spaces of more transparent cloud forming 
the adjacont photosphere, will be changed in shape by 
these contripetal currents. They will be greatly elongated; 
and there will so be produced that “ thatch "like aspect 
which the penumbra presents. 


{The explanation of the solar spots above suggested, 
. which was originally propounded in opposition to that of 
‘M. Faye, was eventually adopted by him in place of his 
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own. In the Comptes Rendus for 1867, Vol. LXIV., p. 404, 
ho refers to tho article in the Reader, partly 
above, and speaks of me as having been replied to in a 
Previous note. Again in the Comptes Rendus for 1872, 
Vol. LXXV., p. 1664, he recognizes tho inadequacy of his 
hypothesis, saying:>—Tl est certain que Vobjection de 
M. Spencer, reproduit et développée par M. Kirchoff, est 
fondée jusqu’é un certain point; Vintérieur des taches, si co 
sont des Jacunes dans la photosphire, doit étre froid rela~ 
tivement. . . . Il est donc impossible qu'elles proviennont 
d’éraptions ascendantes.” He then proceeds to set forth 
. the hypothesis that the spots are caused by tho precipita- 
tion of vapour in the interiors of cyclones. But though, 
as above shown, he refers to the objection made in the 
foregoing essay to his original hypothesis, and recognises 
its cogency, he does not say that the hypothesis which he 
thereupon substitutes is also to be found in the foregoing 
essay. Nor does he intimate this in the elaborate paper on 
the subject read before the French Association for the 
Advancement of Scicnco, and published in the Reowo 
Scientifique for the 24th March 1883, ‘Tho result is that 
the hypothesis is now currently ascribed to him.” 
About four months before E had to revise this essay on 
“ The Constitution of the Sun,” while staying near Pewsey, 


1 should add that while 3 Faye ascribes volar spots to clouds 
formed within cyclones, we differ concerning the nature of the cloud. I 
have argued thut it is formed by rarefaction, and consoquent refrigeration, 
of the metallic gases constituting the stratam in whieh the cyclone existe, 
‘He argues that it is formod within the zoass of cooled hydrogen drawn from 
the chromosphere into the vortex of the cyclone. Speaking of the cyclones 
bo says:—"" Dans lour embouchure évaséo ils entraineront I"hydrogine froid 
dos chromoaphire, produicant partout sur lour trajet vertical un absinee- 
meet notablo de tempiratare et une obseurité relative, due & l'opacité de 
Vhydropine froid engioutl.” (Revue Scientifique, 24 March 188%) Con. 

the intenen cold required to reduce hydrogen to the * critical 
point,” it is « strong supposition that the motion given ts it by fluid 
friction on entering the vortex of the yclone, can produce & rotation, rare- 
faction, end cooling, great enough to produce precipitation in » reyiou 0 
Antensely heated. 
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in Wiltshiro, T was tohinate wading to witness a phenome 
non which furnished, by analogy, a verification of the above 
hypothesis, and served more especially to elucidate one of 
the traits of solar spots, otherwise difficult to undorstand. 
‘Tt was at the close of August, when there had been a spell 
of vory hot weather. A slight curront of air from the West, 
anoying along the lino of the valley, had persisted through 
the day, which, up to 5 o'clock, had been cloudless, and, with 
the exception now to be named, remained cloudless. ‘The 
exception was furnished by a strange-looking cloud almost 
directly overhead. Its central part was comparatively 
dense and structureless. Its peripheral part, or to speak 
strictly, the two-thirds of ib which were nearest and most 
clearly visible, consisted of converging streaks of compara~ 
tively thin cloud. Possibly the third part on the remoter 
side was similarly constituted ; but this I could not see. 
It did not oceur to me at the time to think about its cause, 
thoagh, had the question been raised, I should doubtless 
have concluded that as the sky still remained cloudless 
‘everywhere else, this precipitated mass of vapour must have 
resulted from a local eddy. In the space of perhaps half- 
an-hour, the gentle breeze had carried this cloud some 
miles to the East; and now its naturo becamo obvious. 
That central part which, seon from underneath, seemed 
simply a dense, confused part, apparently no nearor than the 
rext, now, seon sideways, was obvionsly mach lower than 
the rest and rodely funnel-shaped—nipple-shaped one might 
tay; while the wide thin portion of cloud above it was 
disk-shaped : tho converging streaks of cloud being now, in 
perspective, merged together. It thus became manifest 
that the cloud was produced by afecblo whirlwind, perhaps 
® quarter to half-a-mile in diameter. Further, the appear- 
ances made it clear that this fecble whirlwind was limited 
to the lower stratum of air: the stratum of air above it 
‘was not implicated in the cyclonic action. And then, lastly, 
there was the striking fact that the upper stratui, though 
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‘not involved in the whirl, was, by its proximity to a rogion 
of dimini&hed pressure, slightly rarified; and that its pre- 
eipitated vapour was, by the draught seb up towards tho 
vortex below, drawn into converging streaks. Here, then, 
was an action analogous to that which, as above suggested, 
happens around a sun-spot, where tho masses of illn- 
minated vapour constituting tho photosphere aro drawn 
towards the vortex of the cyclone, and simultaneously clon- 
gated into strit: so forming the penumbra. At the samo 
time there was furnished an answer to the chief objection 
to the cyclonic theory of solar spots. For if, as here seen, 
a cyclone in a lower stratam may fail to communicate a 
yorlical motion tothe stratum above it, we may comprehend 
how, in a solar cyclone, the photosphere commonly fails to 
give any indication of the revolving currents below, and is 
only occasionally so entangled in these currents us iteelf to 
display a vortical motion. 
Let me add that apart from the elucidations furnished 
‘by the phenomenon above described, the probabilities are 
in favour of the cyclonic origin of the solar spots. 
‘That some of them exhibit clear marks of vortical motion 
is undeniable ; and if this is so, the question arises—Whab 
is the degree of likelihood that there are two causes for 
spots? Considering that they have so many characters in 
common, it is extremely improbable that thoir common 
characters are in some cases the concomitants of vortiral 
motion and in other cases the concomitants of a different 
Kind of action. Recognizing this great improbability, even 
in the absence of a reconciliation between the apparently 
conflicting traits, it is, I think, clear that when, in tho way 
above shown, we are enabled to understand how it happens 
that the vortical motion, not ordinarily implicating tho 
photosphero, may consequently be in most cases unapparent, 
the reasons for accepting the cyclonic theory become 
almost conclusive, ] 
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[First published in The Universal Review for July, 1859.] 


Taar proclivity to generalization which is possessed in 
greater or less degree by all minds, and without which, 
indeed, intelligence cannot exist, has unavoidable incon- 
voniences. Through it alone can truth be reached; and 
yot it almost inevitably betrays into orror. But for the 
tendency to predicate of every other case, that which has 
‘been found in the observed cases, there could be no rational 
thinking; aud yet by this indispensable tendency, men are 
perpetually led to found, on limited experience, propositions 
which they wrongly assamo to bo universal or absolute. In 
one genae, however, this can scarcely be regarded as an 
evil; for without premature generalizations the trae 
goneralization would never be arrived at. If we waited 
till all the facts were accumulated before trying to formulate 
them, the vast unorganized mass would be unmanageable. 
Only by provisional grouping can they be brought into 
such order as to be dealt with ; and this provisional group- 
ing is but another name for premature generalization. 
How uniformly men follow this course, and how needful 
the errors are as steps to truth, is well illustrated in the 
history of Astronomy. The heavenly bodies move round 
the Eurth in circles, said the earliest observers ; led partly 
by the appearances, and partly by their experiences of 
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contral motions in terrestrial objects, with which, aa all 
circular, they classed the colestial motions from lack of any 
alternative conception. Without this belief, 
wrong as it was, there could not have been that comparison 
of positions which showed that the motions are not represent= 
able by circles; and which led to the hypothesis of epicycles 
and eccentrics. Only by the aid of this hypothesis, equally 
‘untrue, but capable of accounting moro nearly for the 
appearances, and so of inducing moro accurate observations 
—only thus did it become possible for Copernicus to show 
that the heliocentric theory is more feasible than tho goo- 
centric theory; or for Kepler to show that the planets 
move round tho sun in ollipses. Yet again, withont the 
aid of Kepler’s more advanced theory of the Solar system, 
Newton could not have established that general law from 
which it follows, that the motion of a heavenly body is nob 
necessarily in an ellipse, but may be in any conic section, 
And lastly, it was only after the law of gravitation had 
been verified, that it became possible to determine the 
actual courses of plancts, satellites, and comets; and to 
prove that, in consequence of perturbations, their orbits 
always deviate, more or less, from regular curves. In these 
successive theories we may trace both the tendency men 
have to leap from scanty data to wide generalizations, thab 
are cither untrue or but partially true; and the necessity 
there is for such transitional gencralizations a steps to the 
final ono. 

Tn the progrosa of geological epeculation, the eame laws 
_of thought are displayed. We have dogmas that were 
more than half falso, passing current for a time as universal 
troths. We have evidence ¢ollected in proof of these 
dogmas; by and by a colligation of facts in antagonism 
with them; and eventually a consequent modification, In 
conformity with this improved hypothesis, we have « better 
classification of facts; a greater power of arranging and 
interpreting the new facts now rapidly gathered together; 
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and farther resulting corrections of hypothesis. Being, as 
we are at present, in the midst of this process, it is nob 
possible to give an adequate account of the development of 
geological science as thus regarded: the carlicr stages are 
alone known tous, Not only, howevor, is it interesting to 
observe how the more advanced views now received respect- 
ing the Earth’s history, have been evolved out of the crade. 
views which preceded them; but we shall find it extremely 
instructive to observe this. We shall see how greatly the 
old ideas still sway both the genoral mind and the minds 
of geologists themselves. We shall sco how the kind of 
evidence that has in part abolished theso old ideas, is atill 
daily accumulating, and threatens to make other like 
revolutions. In brief, we shall see whereabouts we are in 
the elaboration of a true thoory of tho Earth; and, seeing, 
our whereabouts, shall be the better able to judge, among 
Various conflicting opinions, which best conform to the 
ascertained direction of geological discovery. 

It is needless here to enumerate the many speculations 
which were in earlier ages propounded by acute men— 
Speculations some of which contained portions of truth. 
Falling in unfit times, these speculations did not germinate; 
and hence do not concern us. We have nothing to do with 
ideas, however good, out of which no science grow; but 
only with those which gave origia to the existing system of 
Geology. We therefore begin with Werner. 

‘Taking for data the appearances of the Earth's crust in 
# narrow district of Germany; observing the constant order 
of superposition of strata, and their respective physical 
characters; Worner drow the inference that strata of like 
characters succeeded each othor in like order over the entire 
surface of the Karth. And socing, from tho Inminated 
atractare of many formations and the organic remains con- 
tained in others, that they were sedimentary; ho furthor 
inferred that these universal strata had been in succession 
precipitated from chaotic menstraum which once covered 





onr planet. Tims, on a very incomplete acquaintance with 
@ thousandth part of the Barth’s crust, he based a sweeping 
generalization applying to the wholo of it. This Noptunist 
cree mark, borne out though it seemed to be by the 

most conspicuous surrounding facts, was quite untenable 
if analyzed. That 9 universal chaotic menstruum should 
deposit a series of numerous sharply-defined strata, differ- 
ing from one another in composition, is incomprehensible. 
That the strata so deposited should contain the remaina of 
plants and animals, which could not have lived undor 
the supposed conditions, is still moro incomprehensible. 
Physically absurd, however, as was this hypothesis, it 
recognized, though undor a distorted form, one of tho great 
Agencies of geological chango—tho action of water. It 
served alzo to express the fact, that the formations of the 
Earth’s crust stand in some kind of order, Further, it did 
a little towards supplying a nomonclature, withont which 
much progress was impossible. Lastly, it furnished 
standard with which successions of strata in various regions 
could be compared, the differences noted, and the actual 
sections tabulated. It was the first provisional gencralizn- 
tion; and was useful, if not indisponsable, as a step to 
truer ones. 

Following thia rade conception, which ascribed geological 
phenomena to one agency, acting during one primeval 
epoch, there camo a greatly-improved conception, which 
ascribed them to two agencies, acting alternately during 
Successive epochs, Hutton, perceiving that sedimentary 
deposits wore still being formed at the bottom of the sea from 
the detritus carried down by rivers; porceiving, farther, 
that the strata of which the visible surface chiofly consists, 
bore marks of having been similarly formed out of prow 
existing land; and inferring that these strata could have 
Yecome Jund only by upheaval after their deposit; con 
claded that throughout an indefinite past, thero had been 
periodic convulsions, by which continests were raised, 
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with intervening cras of repose, during which such con- 
tinente were worn down and transformed into now marine 
strata, fated to be in their turns elevated above the 
surface of the ocean. And finding that igneous action, to 
which sundry earlier geologists had ascribed basaltic rocks, 
was in countless places a cause of disturbance, ke taught 
that from it resulted these periodic convulsions, In this 
theory we sce:—first, that the previously-recognized agency 
of water was conceived to act, not as by Werner, after a 
manner of which we have no experience, but aftera manner 
daily displayed to us ; and secondly, that the igneous agency, 
before considered only as originating special formations, 
was recognized as a universal agency, but assumed to act in 
an unproved way. Werner’s sole process Hutton developed 
from the catastrophic and inexplicable into the uniform and 
explicable; whilo that antagonistic second process, of which 
he first adequately estimated tho importance, was regarded. 
by him os a cataztrophic onc, and was not assimilated to 
known processes—not explained. We have here to note, 
however, that the facts collected and provisionally arranged 
in conformity with Werner's theory, served, aftera time, to 
establish Hutton’s more rational theory—in so far, at least, 
as aqueous formations are concerned; while the doctrine of 
periodic subterranean convulsions, crudely as it was con- 
coived by Hutton, was a temporary generalization needful 
‘as astop towards the theory of igneous action. 

Since Hutton’s time, the development of goological 
thought has gone still further in the sume direction. These 
early sweeping doctrines have received additional qualificn= 
tions. It has been discovered that more numerous and 
more heterogeneous agencies have been at work, than was 
at first bolioved. The conception of igneous action has 
‘been rationalized, as the conception of aqueous action had 
proviously been. The gratuitous assumption that vast elova- 
tions suddenly occurred after long intervals of quiescence, 
has grown into the consistent theory, that islands and 
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continents are the accumulated results of successive small 
upheavals, like those experienced in ordinary earthquakes. 
To epeak more specifically, we find, in the first place, that 
instead of assuming the denudation produced by rain and 
rivers to be the sole moans of wearing down lands and pro- 
ducing their irregularities of surface, geologists now see that 
denudation is only a part-cause of such irregularities ; and 
further, that the new strata deposited at the bottom of the 
80a, aro not the products of river-sediment eolely, but are in 
part due to the actions of waves and tidal currents on tho 
coasts. In the second place, we find that Hutton’a con- 
ception of upheaval by subterranean forces, has not only 
been modified by assimilating these subterranean forces to 
ordinary earthquake-forces; but modern inquiries have 
shown that, besides elevations of surface, subsidences aro 
thus produced; that local upheavals, as well as the general 
upheavals which raise continents, come within the same 
category; and that all these changes are probably conse- 
quent on the progressive collapse of the Earth’s crast upon 
its cooling and contracting nucleus. In the third place, 
wo find that beyond these two great antagonistic agencies, 
modern Geology recognizes sundry minor ones: those of 
glaciers and icebergs, those of coral-polypes; those of 
Prolezoa having siliceous or calcareous shells—each of which 
agoncies, insignificant as it seems, is found capable of slowly 
working terrestrial changes of considerablo magnitude. 
Thus, then, the recent progress of Geology has been a still 
farther departare from primitive conceptions. Instead of 
‘one catastrophic cause, once in universal action, as supposed 
by Werner—instead of one general continuous canse, antago~ 
nized at long intervals by a catastrophic cause, as taught by 
Hatton; we now recognize several causes, all more or less 
general and continuous. We no longer resort to hypo- 
thotical agoncics to explain the phonomens displayed by the 
Barth’s cruet; but we are day by day more clearly percoiy- 
ing that these phenomena have arisen from forces like those 
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now at work, which have acted in all varieties of combina 
tion, through immeasurable periods of time. 


Having thos briefly tencea, thoy evolnbica: oF EReLag 
science, and noted its present form, let us go on to observe: 
the way in which it is still swayed by the crade hypotheses 
it sect out with; so that oven now, doctrines long sinco 
abandoned as untenable in theory, continue in practice to 
mould the ideas of geologists, und to foster sundry beliefs 
that aro logically indefonsiblo. Wo shall see, both how 
those simple sweeping conceptions with which the science 
commenced, are those which every student is apt at firsh to 
seize hold of, and how several influences conspire to main- 
tain the twist thus resulting—how the original nomenclature 
of periods and formations nocossarily keeps alive the 
criginal implications; and how the need for arranging: 
new data in some order, results in their being thrast into 
the old classification, unless their incongruity with it is 
very glaring. A few facts will best prepare the way 
for criticism. 

Up to 1899 it was inferred, from their crystalline 
character, that the metamorphic rocks of Anglesea wero 
more ancient than any rocks of the adjacent main land; 
but it has sinco beon shown that thoy are of the same 
ago with the slates and grits of Carnarvon and Merioneth. 
Again, slaty cleaynge having been first found only in the 
lowest rocks, was taken as an indication of the highest 
antiquity: whence resulted serious mistakes; for this 
mineml characteristic is now known to occur in the 
Carboniferous system. Once more, certain red conglome- 
rates and grits on tho north-west coast of Scotland, long 
supposed from their lithological aspect to belong to the 
Old Red Sandstone, are now identified with the Lower 
Silurians. ‘These area few instances of tho small trust tobe 

in mineral qualities, as ovidence of the ages or 
relative positions of strata. From the recently-published 





third edition of Siluria, may be cnlled numerous facta of 
like implication. Sir R. Murchison considers it ascertained, 
that the siliceous Stiper stones of Shropshire are the 
equivalents of the Tremadock slates of North Wales. 
Judged by their fossils, Bala slate and limestone are of 
the same age as tho Caradoc sandstonc, lying forty miles 
off. In Radnorshire, the formation classed as upper 
Llandovery rock, is described at difforont spots, as “sand~ 
stone or conglomerate,” “impure limestone,” “ hard coarse 
grits;” “siliceous grit’—a considerable variation for so 
small an area as that ofa county. Certain sandy heds.on 
the left bunk of the Towy, which Sir R. Murchison bad, ia 
« his Silurian System, classed as Caradoc sandstone (evidently 
from their mineral characters), he now finds, from their 
fossils, belong to the Llandeilo formation, Neverthcless, 
inferences from mineral characters are still habitually drawn 
and received. Though Siluria, in common with other 
geological works, supplies numerous proofs that rocks of the 
same ageare often of widely-differant composition a few miles 
off, while rocks of widely-different ages are often of similar 
composition ; and though Sir R. Murchison shows us, a4 in 
the case just cited, that he has himself in past times been 
misled by trusting to lithological evidence ; yet his reasoning: 
all through Siluria, shows that ho still thinka it natural to 
expect formations of the eame age to be chemically similar, 
even in remote regions. For example, in treating of tho 
Silurian rocks of Sonth Scotland, he says:—"‘ When travers- 
ing the tract between Dumfries and Moffat, in 1850, ib 
occurred to me, that the dull reddish or purple sandstone and 
schist to the north of the former town, which so resembled 
the bottom rocks of Longmynd, Llanberis, and St. Dayid’s, 
would prove to be of the sume age ;” and further on, ho 
again insists upon the fact that these strata “are absolutely 
of the sume composition ax the bottom rocks of the Silurian 
region.” On this unity of mineral character it is, that 
this Scottish formation is concluded to be contemporaneous, 
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with tho lowest formations in Wales; for the scanty 
paleontological evidence snffices for neither proof nor 
disproof. Now, had there been a continuity of like strata 
in like order between Wales and Scotland, there might 
have been little to criticize in this conclusion. But since 
Sir R. Murchison himself admits, that in Westmoreland 
and Cumberland, some members of the system “ assume 
a lithological aspect difforent from what they maintain 
in tho Silurian and Welsh region,” there seems no reason 
to expect mineralogical continuity in Scotland. Obviously, 
therefore, the assumption that these Scottish formations are 
of tho same age with the Longmynd of Shropshire, implies 
the latent belief that certain mineral characters indicate 
certain eras. Far more striking instances, however, of the 
influence of this latent belief remain to be given, Not in 
such comparatively near districts aa the Scottish lowlands 
only, docs Sir R. Murchison expect a repetition of tho 
Longmynd strata; but in the Rhenish provinces, certain 
*“quartzose flagstones and grits, like those of the Long- 
mynd,” are seemingly concluded to be of contemporaneous 
origin, beennse of their likeness. “Quartzites in roofing- 
slates with a greenish tinge that reminded us of the lower 
slates of Cumberland and Westmoreland,” are evidently 
suspected to be of the samo age, In Russia, he remarka 
that the carboniferons limestones “are overlaid along the 
western edge of the Ural chain by sandstones and grits, 
which occupy much the same place in the general series a8 
the millstone grit of England;” and in calling this group, 
as ho does, the “representative of the millstone grit,” Sir 
R. Murchison clearly shows that he thinks likeness of 
tmineral composition some evidence of equivalence in time, 
even at that great distance. Nay, on the flanks of the 
Andes and in the United States, such similarities are looked 
for, and considered na significant of certain ages. Not that 
Sir R. Marchison contends theoretically for this relation 
‘between lithologies! character and date. For on the page 
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from which wo hayo just quoted (Siluria, p. 387), he says, 
that “whilst the soft Lower Silarian clays and sands of 
St. Petersburg have their eqnivalonts in the hard schista 
and quartz rocks with gold veins in the heart of the Ural 
mountains, the equally soft red and green Devonian marls 
of the Valdai Hills are represented on the western flank of 
that chain by hard, contorted, and fractured limestones.” 
Bat these, and other such admissions, seem to go for little. 
While himself asserting that the Potsdam-sandstone of 
North Amorica, tho Lingula-flags of England, and the 
alum-slatea of Scandinavia are of the same period—while 
folly aware that among the Silurian formations of Wales, 
- there are oolitic strata like those of secondary age; yet his 
reasoning is more or less coloured by the assumption, that 
formations of like qualities probably belong to the same era. 
Is it not manifest, then, that the exploded hypothesis of 
Werner continues to influence geological speculation? 

“Bat,” it will perbaps bo said, “though individual strata 
‘are not continnons over large areas, yet systems of strata 
are, Though within » few miles the same bed gradually 
passes from clay into sand, or thins ont and disappears, yet, 
the group of strata to which it belongs does not do so; 
Dat maintains in remote regions the same relations to 
other groups.” 

This is the generally-current belief, On this assumption 
the received geological classifications appear to be framed. 
Tho Silurian system, the Devonian system, the Carboni- 
ferous system, otc., are set down in our books as groupe of 
formations which everywhere succeed each other ina given 
order; and are severally everywhere of the same age. 
‘Though it may not be asserted that these successive systems 
are universal; yob it scems to be tacitly assumed that thoy 
are. In North and South America, in Asin, in Australia, 
sot of strata are assimilated to ono or other of theee 
groups; and their possession of certain mineral characters 
and a certain order of superposition are among the reasons 





assigned for so assimilating them. | Though, probably, no 
competent geologist would contend that the European 
classification of strata is applicable to the globe as a whole; 
yot most, if not all geologists, write a3 though it were. 
Among readers of works on Geology, nine out of ten carry 
away the impression that the divisions, Primary, Secondary 
and Tertiary, are of absolute and uniform application; that 
these great divisions are separable into subdivisions, each 
of which is definitely distinguishable from the rest, and is 
everywhere recognizable by its characters as such or such ; 
and that in all parts of the Earth, these minor systems 
sovemlly began and ended at the same time. When they 
moot with tho torm “Carboniferous ora,” they take for 
granted that it waa an era aniversally carboniferous—that 
it was, what Hugh Miller indeed actanlly describes it, an era 
when the Barth bore a vegetation far more Inxariant than 
it has sinoe done; and were they in any of our colonies to 
meet with a coal-bed, they would conclude that, as a matter 
of course, it was of the same age as the English conl-beds. 
Now this belief that goologio “systoms” are univeraal,is 
no more tenable than the other. It is just as absurd when 
considered a priori; and it is oqually inconsistent with the 
facts. Though some series of strata classed together as 
Oolite, may range over a wider districh than any one 
stratum of the series; yet we have but to ask what were the 
circumstances under which it was deposited, to see that the 
Oolitic series, like one of its individual strata, must be of 
local origin; and that thcro is not likely to bo anywhere 
clso, a series which corresponds, either in its characters or 
in its commencement and termination. For the formation 
of such a series implies an aren: of subsidence, in which its 
cotnponent beds were thrown down. Tvery area of sub- 
sidence is necessarily limited; and to suppose that there 
exist elsewhere groups of beds completely answering to 
those known as Oolite, is to supposo that, in contempor- 
‘aneous areas of subsidence, like processes were going on, 
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There is no reason to suppose this; but good reason to 
suppose the reverse. ‘That in contemporaneous areas of 
snbsidence throughout the globe, the conditions would cause 
the formation of Oolite, is an assumption which no modern 
geologist would openly make. He would say that the 
equivalent series of beds found elsewhere, would probably 
be of dissimilar mineral character. Moreover, in theso 
contemporaneous areas of subsidence, the proceases going 
on would not only be different in kind; but in no two cases 
would they bo likely to agree in their commencements and 
terminations. The probabilities are greatly against separate 
portions of the Earth’s surface beginning to subside at 
the same time, and ceasing to subside at the same time—a 
esincidence which alone could produce equivalent groups of 
strata. Subsidonces in different places begin and end with 
utter irregularity; and hence the groups of strata thrown 
down in them can but rarely correspond. Measured 
against ench other in time, their limits must disagree. On 
turning to the evidence, we find that it daily tends more 
and more to justify these a priori positions. Take, as an 
example, the Old Red Sandstone system. In the north of 
England this is ropresented by a single stratum of con- 
glomorate. In Horefordshiro, Worcostershiro, and Shrop- 
shire, it expands into a series of strata from eight to ten 
thousand feot thick, mado up of conglomorates, red, groen, 
and white sandstones, red, green, and spotted marls, and 
coneretionary limestones. To the south-west, as between 
Caermarthen and Pembroke, theso Old Red Sandstone 
strata exhibit consideruble lithological changes; on the 
other side of the Bristol Channcl, they display farther 
Changes in minoral charactors; while in South Devon and 
Cornwall, the equivalent strata, consisting chiefly of slates, 
schists, and limostones, are so wholly different, that they 
wore fora long time classed as Silurian. When we thus 
see that in certain directions the whole group of deposits 
thins out, and that its mineral characters change within 
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moderate distunces; does it not become clear that tho 
whole group of deposits was 8 local onc? And when we 
find, in othor rogions, formations analogous to these Old 
Red Sandatone or Devonian formations, is it cortain—is it 
‘even probable—that they severally began and ended at the 
same time with them? Should it not require overwhelming 
evidence to make us believe as much? 

Yeb so strongly is geological speculation swayed by the 
tendency to regard the phenomena as general instead of 
local, that even those most on their guard against it seem 
unable to escape its influence. At page 158 of his 
Principles of Geology, Sir Charles Lyell suya:— 

“A group of rod marl and rod sandatone, containing exlt and gypeum, 
being intorposed in Bngland between the Lias and the Coal, all other red 
marls and sandstones, associated some of them with salt, and others with 
gypsum, and oecurring not only in differnt parts of Europe, but in North 
Amorios, Pora, India, tho aalt doverta of Asia, thouo of Afriea—in a word, in 
every quarter of the globe, were referred to one and the same period. 
+ + + Twas in vain to urgo as an objection the improbability of tha 
hypothesis which implion that all the moving waters on the globe were ones 
sirnnltanoously charged with sediment of a red colour. But the rashness of 
prelending to identity, im ago, all the red anndstones and marls in question, 
Jag at length eon wafficiently exposed, by the discovery that, even in 
Europe, they bolong decidedly to many different epochs.” 

Nevertheless, while in this and many kindrod passages 
Sir C, Lyoll protests against tho bins horo illustrated, ho 
soema himself not complotely free from it. Though he 
utterly rejects the old hypothesis that all over the Earth 
the same continuous strata lie one upon another in regular 
order, like the coats of an onion, he still writes as though 
geologic “systems ” do thus succeed each other. A reader 
of his Manuat would certainly suppose him to believe, that 
the Primary epoch ended, and the secondary epoch began, 
all over the world at the samo timo—that thoso terms 
really correspond to distinct universal eras. When he 
assumes, as he does, that the division betweon Cambrian 
and Lower Silurian in America, answers chronologically 
to the division between Cambrian and Lower Silurian in 
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Wales—when he takes for granted that the partings of 
‘Lower from Middle Silarian, and of Middle Silurian from 
‘Upper, in the one region, are of the same dates as the like 
‘partings in tho other region ; does it not seom that he be- 
lieves geologic “ systems’? to be universal, in the senso 
that their separations were in all places contemporaneous ? 
‘Though he would, doubtless, disown this as an article of 
faith, is not his thinking unconsciously influenced by it? 
Mast we not say that, though the onion-cont hypothesis is 
dead, its spirit ia traceable, under a transcendental form, 
‘even in the conclusions of its antagonists ? 


Let ux now consider another leading geological doctrino, 
—the doctrine that strata of the same age contain like 
fossils; and that, therefore, the age and relative position 
of any stratum may be known by its fossils. While the 
theory that strata of like mineral characters were every 
where deposited simultaneously, hns been ostensibly aban- 
doned, there has been accepted the theory that in each 
geologic epoch similar plants and animals existed every- 
where; and that, therefore, the epoch to which any 
formation belongs may be known by the orgunic remains 
contained in the formation. Though, perhaps, no leading 
geologist would openly commit himself to an unqualified 
aseortion of this theory, yet it is tacitly assumed in current 
geological reasoning. 

‘Thia thoory, however, is scarcely moro tenable than tho 
other, I¢ cannot be concluded with any certainty, that for- 
mations in which similar organic remains are found, wore of 
contemporancous origin ; nor can it be safely concluded that 
strata containing different organic remains are of different 
ages. ‘I'o most readers these will be startling propositions; 

* pat they are fully admitted by the highest euthorities. Sir 
Charles Lyell confesses that the test of organic remains 
must bo used “under yery much the samo restrictions as 
the test of mineral composition.” Sir Henry de la Beche, 





‘who variously illustrates this truth, romarks on tho groat 
ineongraity there must be between the fossils of our ear- 
honiferous rocks and those of the marine strata deposited at 
the same period. But though, in the abstract, the danger 
‘of basing positive conclusions on evidence derived from 
fossils, is recognized ; yet, im the concrote, this danger is 
generally disregarded. The estublished convictions respect- 
ing thoagos of strata, have been formod in spite of it; and 
by some geologists it seems altogether ignored. Throagh- 
out his Siluria, Sir R. Murchison habitually assumes that 
the same, or kindred, species, lived in all parts of the Farth 
nt the same time. In Russia, in Bohemia, in the United 
States, in South America, strata are classed as belonging 
to this or that part of the Silurian system, because of the 
similar fossils contained in thom—are concluded to bo 
everywhere contemporaneous if they enclose a proportion 
of idontical or allied forms. In Russia the relative position 
of a stratum is inferred from the fact that, along with some 
Wenlock forms, it yields the Pentamerus oblongus. Certain 
ernstaceans called Burypteri, being churacteristic of the 
Upper Ludlow reek, it is remarked that “large Burypteri 
occur in a so-called black grey-wacke slate in Westmoro- 
land, in Oneida County, New York, which will probably be 
found to be on tho parallel of the Upper Ludlow rook :” 
in which word “probably,” wo sce both how dominant is 
this belief of universal distribution of similar creatures at 
the same period, and how apt this belief is to make its 
own proof, by raising the expectation that the ages are 
identical when the forms are alike. Besides thos inter- 
preting the formations of Russia, England, and America, 
Sir R. Murchison thus interprets those of the antipodes. 
Fossils from Victorin Colony, he agrees with the Govern- 
ment-surveyor in classing a3 of Lower Silurian or Llando- © 
yory age; that is, he takes for granted that when certain 
crustaceans and mollusks wore living in Walos, cortain 
similar crustaceans and mollusks were living in Australia. 
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‘Yet the improbability of this assumption may be readily 
shown from Sir R. Marchison’s own facts. If, as he pointa 
out, the fossil crastaceans of the uppermost Silurian rocks 
in Lanarkshire are, “with one doubtful exception,” all 
‘distinct from any of the forms known on the sama 
horizon in England ;” how can it be fairly presumed thnt 
the forms existing on the other side of tho Barth during 
the Silurian period, were nearly allied to those existing 
here? Not only, indeed, do Sir R. Murchison’s conclusions 
tacitly assume this sloefring of universal distribution, but ha 
enunciates it. “The mere presence of a 
lite,” he says, “ will at once decide that the enclosing rock 
is Silurian;” and he says this, notwithstanding repeated 
‘warnings against such generalizations. During the progreas 
‘of Goology, it has over and over again happened that a 
particular fossil, long considored characteristic of a par- 
ticular formation, has been afterwards discovered in other 
formations. Until some twelve years ago, Goniatites had 
nob been found lower than the Devonian rocks; bat now, 
in Bohemia, they have been found in rocks classed as Silu- 
rian. Quite recently, the Orthoceras, previously supposed 
to be a type exclusively palwozoic, has beon detected along 
‘with mosozoic Ammonites and Belomnites. Yot hosts of 
such experiences fail to extinguich the aesumption, that the 
ago of @ stratum may be determined by the occurrence in 
it of a singlo fossil form. Nay, this assumption survives 
evidence of even a still more destructive kind. Referring 
to the Silurian system in Western Ireland, Sir R. Murchison 
says, “in the beds near Maam, Professor Nicol and myself 
collected remains, some of which would be considered 
Lowor, and others Upper, Silurian ;” and ho thon namea 
sundry foasils which, in England, belong to the eummit of 
the Ludlow rocks, or highest Silurian strata; “ some, which 
elsewhere are knownonly in rocks of Llandovery age”—that 
is, of middle Silurian age; and soma, only before known in 
Lower pees strats, uot far above the most ancient 
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ferous beds. Now what do these facts 

early, they prove that specics which in Wales are s 
ated by strata more than twonty thousand feet 
therefore seem to belong to periods far more remote 
each other, wore really co-existent. They prove that tho 
mollusks and crinoids held to be characteristic of 
Silurian strata, and supposed to have become extinct lot 
before the mollusks and crinoids of the later Silurian itis 
came into existence, were really flourishing at the same 
time with these last; and that these last possibly date 
back to os carly a period as the first. Thoy prove that 
only the mineral characters of sedimontary formations, 
also the collections of organic forms they contain, depend, 
to a great extent, on local circumstances, They prove that 
the fossils met with in any series of strata, cannot be taken 
as representing anything like the whole Flora and Faun 
of the period they belong to. In brief, they throw ag 
doubt upon numerous geological generalizations. 

Notwithstanding facts like these, and notrithalaatiag 
his avowed opinion that the test of organic remains must be 
used “under very much the same restrictions as the test of 
mineral composition,” Sir Charles Lyell, too, considers | 
sundry positive conclusions to be justified by this test: even: 
where the community of fossils is slight and the distance 
great. Having decided that in various pluces in Burope, 
middle Eocone strata are distingaished by Nummalites; he 
infers, without any other assigned evidence, that wherever 
Nummulites are found—in Morocco, Algeria, Egypt, in 
Persia, Scindo, Cutch, Kustern Bongal, and the frontiors of 
China—thecontaining formation iz MiddleKocene. Andfrom 
this inference he draws the following important corollary:s— 

“When we have once arrived ot the conviction that the nummulitic for 
mation cecuples a middie place in the Kocene series, we aro struck with the 
‘comparatively modern date to which some of tho greatest revolutions in the 
physical geography of Europe, Asin, and northern Africa must be referrod, 
All the mountain chains, such as the Alps, Pyrences, Carpathians, and 
‘Himalayas, into the composition of whose eentra! and loftiest parts the 
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nommulitic strata enter bodily, could have had no existence till aftor the 
‘Middl Roca period.” —Manual, p. 232, 

A still more marked case follows on the next page. 
Because a certain bed at Claiborne in Alabama, which con- 
tains “four hundred specics of marino shell 
among them tho Cardita planicosta, “and some others 
identical with European species, or very nearly alliod to 
thom,” Sir C. Lyoll says it is “highly probable tho Claiborne 
beds agree in age with the central or Bracklesham group 
of Englund.” When we find contemporaneity alleged on 
the strength of a community no greater than that which 
sometimes exists between strata of widely-different ages in 
the same country, it scems as though the above-quoted 
caution had been forgotten. It appears to be assumed for 
the occasion, that species which had a wido rango in space 
had a narrow range in time; which is the reverse of the 
fact. The tendency to systematize overrides the ovidenco, 
and throsts Nature into a formula too rigid to fit her 
endless variety. 

“But,” ib may be urged, “surely, when in different 
places the order of superposition, the mineral characters, 
and the fossils, agree, it may safely be concluded that the 
formations thus corresponding date back to the same time. 
If, for example, tho United Statos display a succession of 
Silurian, Devonian, and Carboniferous eyetems, lithologically 
similarto those known here by those names, andchuracterized 
by like fossils, it is = fair inference that these groups of 
strata were severally being deposited in America while 
their equivalents were being deposited hero.” 

On this position, which seoms ® strong one, we have, in 
the first place, to remark, that the evidence of correspondence 
isalways more or less suspicious. We have already adverted 
to the several “‘idols”—if we may use Bacon’s metaphor 
—to which geologists unconsciously ancrifico, when inter 
proting the structures of unexplored regions. Carrying 
with them the classification of strata existing in Europe, 
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‘and assuming that groups of strata in other 
world must answer to some of the groups of 
here, they are necessarily prone to assert p: 
insufficient evidence. They scarcely entertain tho 
question, whether tho formations thoy aro 

or have not any European equivalents j but the 
is—with which of the European series shall 
classed?—with which do they most agree ’—from which 
they differ least? And this being the mode of inquiry, — 
there is apt to result great laxity of interpretation. How 
lax the interpretation really is, may be readily shown. 
When strata ore discontinuous, as botween Hurope and 
America, no evidence can be derived from the order of 
superposition, apart from mineral characters and organio 
remains; for, unless strata can be continuously traced, 
mineral characters and organic remains afford the only 
means of classing them as such or such. As to the test of 
mineral characters, we have seen that itis almost wi 
and no modern geologist would dare to say it should be 
relied on, If the Old Red Sandstono sories in mid-England, 
differs wholly in lithological aspect from the equivalent series 
in South Dovon, it is cloar that similarities of texture and 
composition cannot justify us in classing a system of strate 
in another quarter of the globe with some Enropean syatem. 
‘The test of foxsils is the only one that remains; and with 
how little strictness this test is applied, one case will show, 
Of forty-six species of British Devonian corals, only six 
occur in America; and this, notwithstanding the wide range 
which the Anthozoa are known to have. Similarly of the 
Mollisea and Crinoidea, it appears that, while there aro 
sundry genera found in America which are found here, 
there are scarcely any of the same species. And Sir Charles 
Tell admits that “the difficulty of deciding on the exact 
parallelism of the New York subdivisions, os sbove 
enumerated, with the members of the European Devonian, 
is vory great, so few are the species in common.” Yot it 
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ison the strength of community of fossils, that the whole 
Devoninn series of the United States is assumed to be 
contemporaneous with the whole Devonian serics of England. 
And it is partly on the ground that the Devonian of the 
‘United States corresponds in time with our own Devonian, 
that Sir Charles Lyell concludes the superjacent coal- 
measures of the two conntries to be of the same age. Ts 
it not, then, a& we said, that the evidence in these cases is 
very suspicious? Should it be replied, as it may fairly be, 
that this correspondence from which the synchronism of 
distant formations is inferred, is nob a correspondence 
between particular species or particular genera, but be- 
tween the genoral charactors of the contained assemblages 
of fozsile—between the facies of the two Faunas; the 
rejoinder is, that though such correspondence is a stronger 
evidence of synchronism it is still an insufficient one. To 
infer synchronism from such correspondence, involves the 
postulate that throughout each geologic cra there has 
habitually existed a recognizable similarity between the 
groups of organic forms inhabiting all the different parts 
of tho Karth ; and that the causes which have in ono part 
of the Earth changed the organic forms into those which 
charactorize the next era, have simultaneously acted in 
all other parts of the Earth, in snch ways as to produce 
parallel changes of their organic forms. Now this is not 
only @ large assumption to make; but it is an assump. 
tion contrary to probability, The probability is, that 
tho causes which have changed Faunas have been local 
rathor thon universal; that hence while the Faunas of 
some regions have been rapidly changing, those of others 
have beon almost quiescent; and that when those of 
others have been changed, it has been, not in such ways 
ax to maintain parallelism, but in auch ways as to pro 
duce divergence. 

Even supposing, however, that districts somo hundreds 
of miles apart, furnished groups of strata which completely 
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likely to occur, under which such groups might differ vida 
inage. If there be a continent of which the strata etop 
‘out on the surface obliquely to the line of 
say, west-north-west, while the coast rans cast and west— 
it is cloar that cach group of atrata will crop out on the 
beach ata particular part of the coast; that farther wost 
tho noxt group of strata will crop out on the beach; andeo 
continuously. As the localization of marine plants and 
animals, is in a considerable degree determined by the: 
natures of the rocks and their detritus, it follows that each 
part of this coast will have its more or less distinct Flore 
and Fauna, What now must result from the action of the 
wares in the course of a geologicepoch? Aathe sea makes 
slow inroads on the land, tho place at which each group of 
strata crops out on the beach will gradually move towards 
tho west: its distinctive fish, mollusks, erustacoans, and 
sea-weeds, migrating with it. Turther, the detritus of each 

of these groups of stratn will, as the point of outerop mores 
westwards, be deposited over the detritus of the group in 
advance of it. And the consequence of these actions, carried 

on for ono of those enormous periods which a geologis 
change takes, will be that, corresponding to each eastern 
stratum, there will arise a etratum far to tho wost, which, 
though occupying the same position rolatively to other beds, 
formed of like materials, and containing like fossils, will 
yet bo perhaps a million years later in date, 


But the iMogitimacy, or nb any rate the grent doubtfule 
ness, of many current geological inferences, is best seen 
when we contemplate terrestrial changes now going on; 
‘and ask how far such inferences aro countenanced by them. 
If we carry out rigorously the modern method of interprot- 
ing geological phenomena, which Sir Charles Lyell has 





done so much to establish—that of referring thom to causes 
like those at present in action—we cannot fail to seo how, 
improbable are sundry of the received conclusions, 

Along each shore which is being worn away by tho 
waves, there are being formed mad, sand, and pebbles. 
This detritus has, in cach locality, a more or less special 
character; determined by the nature of the strata destroyed, 
Tn the English Channel it is not the same as in the Irish 
Channel; on the east coast of Ireland it is not the same 
axon the west const; and so throughont. At the month 
of each great river, there is being deposited sediment 
differing more or lees from that deposited at the mouths 
of other rivers in colour and quality; forming strata 
which are here red, there yellow, and elsewhere brown, 
grey, or dirty white. Besides which various formations, 
going on in deltas and along shores, there are some mach 
wider, and still more strongly contrasted, formations. At 
the bottom of the Aigeun Sea, there ix accumnlating a 
bed of Pteropod shells, which will eventually, no doubt, be- 
come a calcareous rock. For some hundreds of thousands 
cf square miles, the ocean-bed between Great Britain 
and North America, is being covered with a stratam of 
chalk; and over large areas in the Pacific, there are going 
on deposits of coralline limestone. ‘Thus, there are at this 
moment boing produced in different places multitadinous 
strata differing from one another in lithological characters. 
Name at random any part of the sea-bottow, and ask 
whether the deposit there taking place is like the deposit 
taking place ab some distant part of the sea-bottom, and 
the almost-certninly correct answer will be—No. The 
chances are not in favour of similarity, but against it— 
many to one against it. 

In tho order of superposition of strata thoro is being 
establizhed a like variety. Each region of the Rarth’s 
rurfnce has its special history of elevations, subsidencos, 
periods of rest: and this history in no case fits chronologi- 


cally with tho history of any other portion. River deltas 
are now being thrown down on formations of differant ages: 
some very ancient, some quite modern. While here there 
has been deposited a scries of beds many hundreds of feet 
thick, there has elsewhere been deposited but a single bed 
of fine mud. While one region of the Earth's crast, con- 
tinning for a vast opoch above tho surface of the ocean, 
bears record of no changes save those resulting from 
denudation; another region of the Earth's crust gives 
proof of sundry changes of level, with their several result 
ing masses of stratified detritus. If anything is to be 
judged from current processes, we must infer, not only that 
everywhere the succession of sedimentary formations differs 
more or less from the succession claewhere ; but also that 
in each place, there exist groups of strata to which many 
other places have no equivalents, 

With respect to the organic bodies imbedded in forma- 
tions now in progress, alike truth is equally manifest, if not 
morp manifest. Even along the same coast, within moderate 
distances, the forms of life differ very considerably; and 
they differ much more on coasts that are remote from 
one another. Again, dissimilar creatures which are living 
together near the samo shore, do not leave their remains 
in tho same beds of sediment, For instanco, nt the bottom 
of the Adrintic, whore the proyailing curronts cause tho 
deposits to be here of mud, and there of caloareous matter, 
itis proved that different species of co-cxisting shells axe 
being buried in these respective formations, On our owa 
coasta, the marine remains found « few miles from shore, 
in banks where fish congregate, are different from those 
found ¢lose to the shore, whore littoral species flourish, 
A large proportion of aquatic creatures have stractures 
which do not admit of fossilizution ; while of the rost, the 
great majority are destroyed, when dead, by various kinds 
of scavengers. So that no one deposit near our shores can 
contain anything like a true representation of the Fauna of 
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the sarrounding sea; much less of the co-existing Faunas 
of other seas in tho seme latitude; and still loss of tho 
Faunas of seas in distant latitudes, Wore it not that 
tho ussertion seams neodfal, it would be almost absurd to 
say, that the organic remains now being buried in the 

Bank, ean tell us next to nothing abont tho fish, 
crustaceans, mollusks, and corals, which are being buried 
inthe Bay of Bengal. Still stronger is the argument in 
the caso of terrostrial life, With more numerous and 
greater contrasts between the types inhabiting one continent 
and those inhabiting another, thoro is n far moro imporfoct 
registry of them. Schouw marks ont on tho Earth more 
than twenty botanical regions, occupied by groups of forms 
80 distinct, that, if fossilized, geologists would scarcely be 

to refer them all to the same period. Of Faunas, 
the Arctic differs from the Temperate ; the Temperate from 
the Tropical; and the Sonth Temperate from the North 
Temperate, Nay, in the South Temperate Zone itself, the 
two regions of Sonth Africa and South America are unlike 
in their mammals, birds, roptiles, fishes, mollusks, insects. 
‘The sholls and bonos now lying at the bottoms of lakes and 
estuaries in these several regions, have cortainly not that 
similarity which is usually looked for in those of contem- 
poraneous strata; and the recent forms exhumed in any 
one of these regions would very untraly represent the present 
Flora and Fauna of the Marth. In conformity with the cur= 
rent atyle of geological reasoning, an exhaustive examination 
of deposits in the Arctic circle, might be held to prove that 
though at this period there were sundry mammals existing, 
there wore no reptiles; while the absonce of mammals in 
the deposits of the Galapagos Archipelago, where there are 
plenty of reptiles, might be held to prove the reverse. And 
at the same time, from the formations extending for two 
thousand miles along the great barrier-reef of Australia— 
formations in which are imbedded nothing but corals, 
echinoderms, mollusks, crustaceans, and fish, along with an 
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‘occasional turtle, or bird, or cetacean—it might be: 
that there lived in our epoch neither terrestrial 
terrestrial mammals, The mention of Australia, 
suggests an illustration which, even alone, would amply pre 
ourcase, Tho Fauna of this region differs widely from any 
that is found elsewhere. On land, all the indigonous be 
mals, except bats, belong to the lowest, or im; 
division ; and the insects are singularly different from iad 
found clsewhere. ‘The surrounding seas contain numerous 
forms which are more or less strange ; and among the fish 
there exists a species of shark, which is the only living repre- 
sentive of a genus that flourished in early geologic epochs. 
Tf, now, the modern fossiliferous deposits of Australis were 
to be examined by one ignorant of the existing Australian 
Fauna ; and if he were to reason in the usual manner; ho 
would be very unlikely to class these deposits with those of 
the present time. How, then, can we place confidence in the 
tacitassumption that certain formations in remotepartsof the 
Earth are referable to the same period, because the organic 
remains contained in them display a certain community 
of charactor? or that certain others are referable to different 
periods, because the facies of their Faunas are different? 
“But,” it will be replied, “ in past eras the same, or simi- 
Jar, organic forms were more widely distributed than now.” 
Tt may be 80; but the evidence adduced by no means proves 
it. ‘The argument by which this conclusion ix reached, rans 
‘a risk of being quoted as an example of reasoning in acircle. 
As already pointed out, botwoon formations in remote regions 
the accepted test of equivalence is community of fossils. 
If, then, the contemporaneity of remote formations is con- 
eluded from the likenoss of their fossils; how can it bo said 
that similar plants and animals were once more widely distri- 
buted, beeanso they are found in contemporanoons strata in 
remote regions ? Is not the fallacy manifest? Even sup- 
posing thero were no such fatal objection as this, thetVidence 
commonly assigned would still be insufficient, For wo must 


eo 






TLLOGICAL GROLOGY. 217 


Dear in mind that the community of organic remains 
useally thought sufficient proof of correspondence im time, 
is a very imperfect community. When the compared sedi- 
mentary beds are far apart, it is scarcely expected that thero 
‘will bo many species common to the two: it is enough if 
there bo diseoyered @ considerable number of common 
genera. Now had it been proved that thronghout geologic 
time, each genus lived but for a short period—a period 
meusared by a single group of stratn—something might be 
inferred. But what if we learn that many of the same 
genera continned to exist thronghont enormous epochs, 
measured by several vast systems of strata? “Among 
molluscs, the genera Avicula, Modiola, Terebratula, Lin- 
gula, and Orbiowla, aro found from the Silurian rocks 
upwards to the present day.” If, then, between the 
lowest fossiliferous formations and the moat recent, there 
exists this degre of community ; mnst we not infer that 
there will probably often exist a great degree of community 
between strata tliat are far from contemporaneous ? 

Thus tho reasoning from which it is concluded that 
Similar organic forms were onee more widely spread than 
now, is doubly fallacions; and, consequently, the elnssi- 
fications of foreign strata based on the conclusion aro 
untrastworthy. Judging from the present distribution of 
life, we cannot expect to find similar romains in geographs 
ically remote strata of the same age; and where, between 
the fossils of geographically remote strato, we do find much 
similarity, it is probably due rather to likences of conditions 
than to contemporancity, If from causes and effects such 
aa Wo now witness, we reason back to the causes and effects 
of past epochs, we discover inadequate warrant for sundry 
of the received doctrines. Seeing, as we do, that in large 
areas of the Pacific this ia a period characterized by 
abundance of corals; that in the North Atlantic it is 
period in which a great chalk-deposit is being formed; 
and that in the valloy of the Mississippi it is a poriod of 
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now coal-basins—secing also, as we do, that inone extensive 
continent this is peculiarly an era of implacental mammals, 
and that in another extensive continent it is peculiarly an 
ora of placental mammals; we have good reason to 
hesitate before accepting these sweeping generalizations 
which are based on a cursory examination of strata 
occupying but a tenth part of the Earth’s surface. 


At the outset, this article was to have been a review of 
the works of Hugh Miller; but ithas grown into something 
much more general. Nevertheless, the remaining two 
doctrines which we propose to criticize, may convoniently 
be treated in connexion with his namo, as that of one who 
fully committed himself to them. And first, a fow words 
respecting his position, 

‘That he was a man whose life was one of meritorions 
achisvement, every one knows. That he was a diligent 
and successful working geologist, scarcely needs saying. 
That with indomitable perseverance he struggled up from 
obscurity to a place in the world of literature and science, 
shows him to hnve been highly endowed in character and 
intelligence. And that he had a remarkable power of 
presenting his facts and arguments in an attractive form, 
@ glaneo at any of his books will quickly prove. By all 
means, let us respect himas a man of activity and sagacity, 
joined with a large amount of poetry. But while saying 
this we mast add, that his reputation stands by no means 
so high in the scientific world as in the world at large. 
Partly from the fact that our Scotch neighbours are in the 
habit of blowing the trumpet rather loudly before their 
notabilities—partly because the charming style in which 
his books are writton has gained him a large circle of 
readers—partly, perhaps, throngh a praiseworthy sympathy 
with him as a self-made man; Hugh Miller has met with 
an amount of applause which, little as we wish to diminish 
it, must not bo allowed to blind the public to his defects as 
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aman of science. The truth is, ho was so far committed 
to a foregone conclusion, that he could not become a 
philosophical geologist. He might be aptly described as a 
theologian studying geology. The dominant idea with 
which he wrote, may be seen in the titles of two of 
his books—Footprinta of tho Oreator,;—The Testimony 
of the Rocks. Regarding geological facta as evidence for 
or against certain religions conclusions, it was scarcely 
possible for him to deal with goological facts impartially, 
His roling sim was to disprove the Development Hypo- 
thesis, the assumed implications of which wore repugnant 
to him; and in proportion to tho strength of his feeling, 
was the one-sidedness of his reasoning. He admitted that 
“God might ns certainly have originated the species by & 
law of development, as he maintains it by a law of develop- 
ment ;—the existence of a First Great Cause is as perfectly 
compatible with the one scheme as with the other.” Never~ 
theless, he considered the hypothesis at variance with 
Christianity ; and therefore combated with it. He appar+ 
ently overlooked the fact, that the doctrines of geology in 
general, as held by hitaself, had been rejected by many on 
similar grounds; and that he had himself been repeatedly 
attacked for his anti-Christian teachings, He seems not 
to have porceived that, just as his antagonists wero wrong 
in condemning as irreligious, theories which he eaw wero 
not irroligious; so might ho bo wrong in condemning, on 
like grounds, the Theory of Evolution. In brief, he fell 
short of that highest fuith which knows that all traths 
must harmonize; and which is, therefore, content trustfully 
to follow the evidence whithersoever it leads. 

Of course it is impossible to criticize his works without 
entoring on this great question to which ho chiefly devoted 
himeelf. The two romaining doctrines to be here discussed, 
bear directly on thia question; and, as above said, wo 
propose to treat them in connexion with Hugh Miller’s 
name, because, throughout his reasonings, he assumes their 
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truth, Let it not be supposed, however, that we shall 
‘aim to prove what he has aimod to disprove. While we 
purpose showing that his geological arguments against the 
Development Hypothesis are based on invalid assumptions ; 
we do not purpose showing that the geological arguments 
‘urged in support of it are based on valid assumptions, We 
hope to make it apparent that the geological evidence at 
present obtained, is insufficient for either side; furthor, 
that there seems little probability that sufficient evidence 
will ever be obtained ; and that if the question is eventually 
Aocided, it must be decided on other than geological grounds, 


‘The first of the current doctrines to which we have just 
referred, is, that there occur in the serial records of former 
life on our planet, two great blanks ; whence it is inferred 
that, on at least two occasions, tho proviously oxisting inhab- 
itants of the Earth were almost wholly destroyed, and a 
different class of inhabitants created. Comparing the 
general life on the Earth to a thread, Hugh Miller says >— 

“ Tt is contingoas from the present time up to the commencement of the 
‘Tertiary period; and then so abrupt a break oours, that, with the exception 
of the minroscopin distomacem, to which I last evening referred, and of one 
shell and ono corel, nota single spocios crosved the gap. On its farther oF 
remoter side, however, where the Secondary division clove, the inters 
mingling of species again begins, and rans on till the commencement of this 
great Secondary division; and then, just where the Palwozoio division 
closes, wo find another abrupt break, crossed, if crossed ot all,—for there 
still exists ome doudt on the xubject,—by but two species of plant.” 

These breaks are supposed to imply actual now creations 
on the surface of our planet—supposed not by Hugh 
Miller only, but by tho majority of geologizts. And the 
torms Pulmozoic, Mesozoic, and Caimozoic, aro used to 
indicate these three successive systems of life. Th ix tna 
that some accept this belief with caution; knowing how 
geologic rescarch hos been all along tending to fill up what 
wero once thought wide gaps. Sir Charles Lyell points 
out that “ the hintus which exists in Great Britain between 
tho fossils of the Lias and those of tho Magnosian Limo- 
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stone, is supplied in Germany by the rich fauna nnd flora 
of the Muschelkalk, Keuper, and Bunter Sandstein, which 
we know to bo of a dato precisoly intermediate.” Again 
he remarks that “until lately the fossils of the coal-measures 
‘wore separated from those of tho antocodont Silurian group 
by a very abrupt and decided line of demarcation ; but 
recent discoveries havo brought to light in Devonshiro, 
Beiginm, the Kifel, and Westphalia, the remains of « fauna 
of an intervening period.” And once more, he says, “we 
have also in like manner had somo success of late years in 
diminishing the hiatus which still separates the Cretaceous 
and Kocone periods in Europe.” ‘To which lot us add that, 
since Hugh Miller penned the passago above quoted, the 
second of the great gapa he refers to has been yory con- 
siderably narrowed by the discovery of strata containing 
Palmozoic genera and Mesozoic genera intermingled. Nevers 
theless, the occurrence of two great revolutions in the 
Earth’s Flora and Fauna appears still to be held by many ; 
‘and geologic nomenclature habitually assumes ib. 

Before seeking s olution of the problem thus raised, let 
us glance at the several minor causes which produce 
broaks in tho goological succossion of organic forma; taking 
first, the more general ones which modify climate, and, 
therefore, the distribution of life, Among these may be 
noted one which has not, wo believe, been named by 
writers on the subject. We mean that resulting from a 
certain slow astronomic rhythm, by which the northern 
and southern hemispheres are alternately subject to greater 
extremes of temperature. In consequence of the slight 
ellipticity of its orbit, the Earth’s distance from the sun 
‘varies to the extent of some 3,000,000 of miles. At present, 
the apholion occurs at tho time of our northern summer; 
and the perihelion during the summer of the southern 
homisphero. In consequence, however, of that slow move- 
ment of the Barth’s axis which produces the precession of 
the equinoxos, this state of things will in time be reversed: 
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the Earth will be nearest to the sun during the summer of 
tho northern hemisphere, and furthest from it during the 
southern summer or northern winter. The period required 
to complete the slow movement producing these changes, 
is nearly 26,000 years; and were there no modifying process, 
the two hemispheres would alternately experience this 
coincidenco of summer with rolative nearness to the sun, 
during a period of 13,000 years, But there is also a still 
slower chango in the direction of the axis major of the 
Rarth’s orbit; from which it results that the alternation we 
ave described is completed in about 21,000 yeurs. That 
is to say, if at a given timo the Barth is nearest to the sun 
at our mid-summer, and furthest from the sun ab our 
mid-winter; then, in 10,500 yenrs afterwards, it will be 
furthest from the sun at our mid-summer, and nearest at 
our mid-winter. Now the difference between the distances 
from the sun at the two extremes of this alternation, 
amounts to one-thirtieth; and hence, the difference between 
the quantities of heat received from the sun on a summer’s 
day under these opposite conditions amounts to one-fifteenth. 
Estimating this, not with reference to the zero of our 
thermometers, but with reference to the temperature of 
the celestial spaces, Sir John Herschel calculates “23° 
Fahrenheit, a5 tho least variation of temperature under 
such circumetances which can reasonably be attributed to 
the actual variation of the sun’s distance.” Thue, thon, 
each hemisphere has at 9 certain epoch, a short summer of 
extreme heat, followed by a long and very cold winter. 
Through the slow change in the direction of the Barth's 
axis, these extremes are gradually mitigated. And at the 
end of 10,500 yoars, there is reached the opposite state— 
n long and moderate summor, with a short and mild winter, 
At present, in consequence of the predominance of sca in 
the aouthern hemisphoro, the extremos to which ite astron- 
omical conditions subject it, are much ameliorated ; while 
the great proportion of lund in the northern hemisphora, 
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tends to exaggerate such contrast as now exisis in it 
between winter and summer: whence ib results that tho 
climates of the two homisphercs are not widely unlike, 
But 10,000 years hence, the northern hemisphere will 
undergo annual variations of tomporaturo far moro marked 
‘than now. 

Tn tho last edition of his Outlines of Astronomy, Sir 
John Herschel recognizes this as an element in geological 
processes; regarding it ax possibly # part-cause of thosn 
climatic changes indicated by the records of tho Karth’s 
past. That it has had much to do with those larger 
changes of climato of which wo have ovidenco, sooms 
unlikely, since thore is reason to think that these hare 
eon far slower and more lasting; but that it must havo 
entailed a rhythmical exaggeration and mitigation of the 
climates otherwise produced, seems beyond question. And 
it seems also beyond question that there must have been 
& consequent rhythmical change in the distribution of 
organisms—a rhythmical change to which we hero wish 
to draw attention, as one cause of minor breaks in the 
succession of fossil remains. Each specics of plant and 
animal has certain limits of heat and cold within which 
only it can exist; and these limits in a great degree 
determine its geographical position. It will not spread 
north of a certain latitude, becanse it cannot bear a more 
northern winter, nor south of a certain latitude, because 
the summer heat is tov great; or else it is indirectly 
restrained from spreading further by the effect of tempor- 
ature on the humidity of the air, or on tho distribution of 
tho organisms it lives upon. Bat now, what will result 
from a slow alteration of climate, produced ns above de- 
eribed? Supposing the period we set ont from is that in 
which the contrast of xoasons is least marked, it is manifest 
that during the progress towards the period of most violent 
contrast, each species of plant and animal will gradually 
change its mits of distribution—will be driven back, here 
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by the winter’s increasing cold, and there by the summor’s 
increasing hent—will retiro into those localities that are 
still fit for it, Thus during 10,000 years, each species will 
ebb away from certain regions it was inhabiting; and 
uring the succeeding 10,000 years will flow back into 
those regions. From the strata there forming, its remains 
will disappear; they will be absent from some of the 
superposed strata; and will bo found in strata higher np. 
But in whot shapes will they re-appear? Exposed during 
the 21,000 years of their slow recossion ond their slow 
return, to changing conditions of life, they are likely to 
have undorgone modifications; and will probably re-appear 
with slight differoncos of constitation and perhaps of form 
—will be new varieties or perhaps new sub-specios. 

To this cause of minor breaks in the succession of 
organic forms—a cause on which we have dwelt because it 
has nob been taken into account—wo must add sundry 
others. Besides theso periodically-rocurring changes of 
climate, thero are the irregular ones produced by re- 
distributions of land and sea; and these, sometimes less, 
sometimes greater, in degree, than the rhythmical changes, 
must, like them, cause in each region emigrations and 
immigrations of species; and consequent breaks, smull or 
large as the caso may be, in the paleontological series, 
Other and more special geological changes must produce 
othor and more local blanks in the succession. By some 
inland clevation tho natural drainsge of a continent is 
modified; and instead of the sediment proviously brought 
down to the sea by it, a great river brings down sediment 
unfavourable to various plants and animals living in its 
delta: whereupon these diseppear from the locality, perhaps 
to re-uppearin a chanyed form afteralongepoch. Upheavals 
orsubsidences of shores or sea-bottoms, involving deviations 
of marine currents, remove the habitats of many species to 
which such currents are salutary or injurious; and further, 
this redistribution of currents alters the places of sedi- 
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‘mentary deposits, and thus stops the burying of organio 
remains in some localities, while commencing it in othera, 

| Had ‘wo space, many moro such causes of blanks in our | 
records might be added. But it isneedless 
| here to enumerate them. They are admirably explained 
and illustrated in Sir Charles Lyell’s Principles of Geology. 
| ‘Now, if these miner changes of the Earth's surface 
produce minor broaks in the serics of fossilized remains; 
‘must not great changes produce great breaks? If a local 
upheaval or subsidence causes throughout its small area the 
absence of some links in the chain of fossil forms; doce it 
‘not follow that an upheaval or subsidence extending over a 
large part of the Earth’s surface, must cause theabsence of 
a great nomber of such links throughonb a very wide area? 
When during » long epoch » continent, slowly sinking, 
gives place to a far-spreading ocean some miles in depth, at 
the bottom of which no deposits from rivers or abraded 
shores can be thrown down; and when, after some enormous 
| period, this ocean-bottom is gradually clevated and becomos 
the site for now strata; it is clear thatthe fossils contained 
in these now etrata are likely to have but little in com- 
mon with the fossils of the strata below them. Take, in 
flustration, the case of the North Atlantic. We have 
already named tho fact that, between this country and tha 
Thited States, the ocean-bottom is being covered with a 
deposit of chalk—a deposit which has been forming, 
probably, ever sinco thero occurred that great depression 
of tho Karth’s crust from which the Atlantic resulted in 
remote goologic times. This chalk consists of the minuto 
| gholls of Foraminifera, sprinkled with remains of small 
Entomostraca, and probably a few Pteropod-shells ; though 
the sounding lines have not yot bronght up any of these last. 
‘Thus, in xo far as all high forms of life are concerned, this 
now chalk-formation must be a blank. At rare intervals, 
perhaps, 9 polar bear, drifted on an iceberg, may have its 
bones scattered over the bed; or a dead, decaying whalo 
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may similarly leave traces. But euch romaina must be eo 
rare, that this new chalk-formation, if accessible, might bo 
examimed for a century before any of them were disclosed. 
If now, some millions of years hence, the Atlntic-bed 
should bo raisod, and estuary deposits or shore deposits laid 
‘upon it, these would contain remains of a Flora and a Fauna 
80 distinct from cverything below them, as to appear like a 
new creation. 

Thus, along with continuity of life on the Earth’s surface, 
there not only may be, but there must be, great gaps in the 
series of fossila; and hence these gaps are no evidence 
against the doctrine of Evolution. 


One other current assumption remains to be criticized ; 
and it is the one on which, more than on any other, depends 
tho view taken respecting tho question of development. 

From tho beginning of the controvorsy, the arguments 
for nnd against have turned upon the evidence of progres- 
sion in organic forms, found in the ascending sories of our 
sedimentary formations. On the one hand, those who eon- 
tend that highor organisms have boon evolved out of lower, 
joined with those who contend that successively higher 
organisms have been created at successively later periods, 
appeal for prof to the facts of Paleontology; which, they 
fay, countenance their views. On the other hand, the Uni- 
formitarians, who not only roject the hypothosis of develop- 
ment, but dony that the modern forme of life are higher 
than the ancient ones, reply that tho paleontological 
evidence is at present very incomplete; that though we 
have not yet found remains of highly-organized croaturos 
in strata of the greatest antiquity, we must not assume that 
‘no such creatures existed when those strata were deposited; 
and that, probably, search will eventually disclose them. 

Ib must bo admitted that thus far, the evidence has gono 
in favour of the latter party. Goological discovery bas year 
after yoar shown the «mall value of negative facts. Tho 
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“conviction that there are no traces of higher organisms in 
earlier strata, haa resulted not from the absence of such 
traces, but from incomplete examination. At p. 400 of his 
Manual of Hlementary Geology, Sir Charles Lyell gives o 
list in illustration of this. It appears that in 1709, fishos 
‘were not known lower than the Permian system. In 1793 
they were found in the subjacent Carboniferous system; in 
1828 in the Devonian; in 1840 in the Upper Silurian. OF 
‘reptiles, we read that in 1710 the lowest known were in the 
Permian ; in 1844 they were detected in the Carboniferous; 
and in 1852 in the Upper Devonian. Whilo of the Mam- 
molia the list shows that in 1798 none had been dis- 
covered below the Middle Hocene: but that in 1818 thoy 
were discovered in the Lower Oolite; and in 1847 in the 
Upper Trias. 

The fact is, however, that both parties set out with an 
inadmissible postulate. Of the Uniformitarians, not only 
such writers as Hugh Miller, but also such as Sir Charles 
Lyell,* reason as though we had found the earliest, ar some- 
thing like tho carlicst, strate, Their antagonists, whether 
defenders of the Development Hypothesis or simply Pro- 
grossionists, almost uniformly do the like. Sir R. Murchison, 
who is a Progressionist, calls tho lowest fossiliferous strata, 
“'Protoxoic.” Prof. Ansted uses the same term. Whether 
ayowedlyor not, all the disputants stand on this assumption 
a8 their common ground. 

‘Yet is this assumption indefensible, as some who make it 
very well know, acts may bo cited against it which show 
that it is o more than questionable one—that it is a highly 
improbablo one; while the evidence assigned in its favour 
will not bear criticism. 

Because in Bohemia, Great Britain, and portions of North 
America, tho lowest unmotamorphosed strata yet discovered, 

* Bir Charles Lyoll is no longor to be olacsed among Uniformiterians, 


‘With rare and admirable osndour he bas, sinoo this war written, yioided to 
‘the argumants of Mr. Darwin, 
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contain bat slight traces of life, Sir R. Murchison conceives 
that they were formed while yet few, if any, plants or 
animals had boon created; and, thorefore, classes them as 
*“Anoic.” Hia own pages, however, show tho illegitimacy 
of the conclusion that there existed at that period no con- 
siderable amount of life. Sach traces of life as have been 
found in the Longmynd rocks, for many years considered 
unfoxsiliferous, have been found in some of the lowest beds; 
and the twenty thousand feet of superposed beds, still yield 
no organic remains. If now these superposed strata 
thronghouts depth of four miles, are without fossils, though 
the atrata over which they lie prove that life had com- 
monced; what becomos of Sir R. Murchison’s inference? 
At page 189 of Siluria, a still more conclusive fact will be 
found. The “Glengariff grits,” and other necompanying 
strata there described as 13,500 feet thick, contain no signs 
of contemporaneous life. Yet Sir R. Murchison refers 
them to the Devonian period—a period which had a large 
and varied marine Fauna. How then, from the absence 
of fossils in the Longmynd beds and their equivalents, can 
we conclade that the Karth was “azoic” when they 
wore formed ? 

* But,” it may bo asked, “if living creatures then existed, 
why do we nob find fossiliferous strata of that ago, or an 
earlier nge?” One reply is, that the non-existence of such 
sirata is but a negative fact—we have uot found them. 
And considering how little we know even of the two-fifths 
Of tho Kurth's surfnco now abovo the sea, and how absolutely 
ignorant wo are of the three-fifths below the sca, it is rash 
to say that no such strata oxist. But the chief reply is, 
that these records of the Earth's enrlior history hayo been 
in groat part dostroyed, by agencies which are over tending 
to destroy such records, 

It is an established geological doctrine, that sedimentary 
strata are liable to be changed, more or less profoundly, by 
igneous action. The rocks originally classed as “transition,” 








because they were intermediate in character between the 
igneous rocks found below them, and the sedimentary strata 
found above them, are now known to be nothing elso than 
sedimentary strata altered in texture and appearance by 
the intense heat of adjacont molten matter; and hence arc 
renamed “metamorphic rocks.” Modern researches havo 
shown, too, that these metamorphic rocks are not, as was 
once sepposed, all of the same age. Besides Primary and 
secondary strata which have been transformed by igneous 
action, there are similarly-changed deposits of tertiary 
origin—doeposita changed, oven as far ns a quarter of a milo 
from the point of contact with neighbouring granite, By 
this process fossils are of couree destroyed. “In somo cases,” 
says Sir Charles Lyell, “dark limestones, replete with shells 
and corals, have been turned into white statuary marble, 
and hard clays, containing vegetable or other remains, into 
slates called mica-schist or hornblonde-sohist; every vestige 
of the organic bodies having been obliterated.” Again, it 
in fast beooming an acknowledged truth that igneous rock, 
of whatover kind, is the product of sedimentary strata which 
have been completely melted. Granite and gnoiss, which 
are of like chemical composition, have been shown, in various 
cases, to pass one into the other; ax ut Valorsine, noar 
Mont Blanc, where the two, in contact, are observed to 
“both undergo a modification of mineral character. 
The granite still remaining unstratified, becomes charged 
with green particles; and the talcose gnoisa assumes a 
granitiform structure without losing its stratification.” 
In tho Aberdeen-granite, lumps of unmelted gneiss aro 
sbondant; and we can ourselves bear witness that the 
granite on the banks of Loch Sanart yiolds proofs that, when 
molten, it contained incompletely-fasod clots of sedimentary 
strata. Nor is this all. Fifty years ago, it waa thought 
that all granitic rocks were primitive, or existed before any 
sedimentary strata; but it is now “no peasy task to point 
oub a single mass of granite demonstrably more ancient 


| 











230 ILLOOICAL GEOLOGT. 


than all the known fossiliferous deposits.” In brief, 
accumulated evidence shows, that by contact with, or 
proximity to, the molten matter of the Earth’s nucleus, all 
beds of sediment are liable to be actually melted, or par- 
tially fused, or so heated ns to agglutinate their particles; 
and that according to the temperatare they have been 
raised to, and the circumstances under which they cool, they 
assume the forms of granite, porphyry, trap, gneiss, or rock 
otherwise altered. Farther, it is manifest that thoagh 
strata of various ages hnye been thus changed, yot the 
most ancient strata have been so changed to the greatesd 
extent; both because they have been nearer to the centre 
of igneous agency ; and because they have beon for longor 
periods liable to be affected by it. Whence it follows, that 
nedimentary strata passing a certain antiquity, are unlikely 
to be found in an unmetamorphosed state; and that strata 
tauch earlier than these are certain to have been melted up, 
‘Thus if, throughout « past of indefinite duration, there had 
been at work those aqueous and ignoous agencies which we 
800 still at work, the state of the Earth's crust might he 
jnat what we find it. We have no evidence which pute a 
limit to the period throughout which this formation and 
destruction of strata has been goingon. For aught the fncts 
prove, it may have been going on for ten times the period 
measured by our whole series of sedimentary deposita. 
Besides having, in the present appoarances of the Harth’s 
crust, no data for fixing a commencementto these processea— 
besides finding that the evidence permits us to assume 
such commencement to have been inconceivably remote, a8 
compared even with the vast eras of geology; we are not 
without positive grounds for inferring the inconceivable 
remoteness of such commencement. Modern geology has 
established traths which are irreconcilable with the belief 
that the formation and dostruction of strata began when 
tho Cambrian rocks were formed; or at anything like ao 
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recent a time. One fact from Siluria will snffice. Sir 
R, Murchison estimates the vertical thickness of Silurian 
strata in Wales, at from 26,000 to 27,000 feet, or about five 
miles; and if to this we add tho vertical depth of the 
Cambrian strata, on which the Silurians lie conformably, 
there results, on the lowest computation, a total depth of 
some seven miles. Now it is held by geologists, that this 
vast series of formations must have been deposited in an 
area of gradual subsidence. These beds could not have 
been thus laid one on another in regular order, unless the 
Enrth’s crast had been at that place sinking, cither con- 
tinuously or by small steps. Such an immense subsidence, 
however, must have been impossible without a crust of great 
thickness, Tho Earth’s molten nuclous tends ever, with 
enormous force, to assume the form of a regular oblate 
spheroid, Any deprossion of its crast bolow the surface of 
equilibrium, and any elevation of its crust above that 
surface, have to withstand immense resistances. Tt follows 
inevitably that, with a thin crust,nothing but small elevations 
and subsidences would have been possible; and that, con- 
versely, a subsidonco of seven miles implics a crost of great 
atrongth, or, in other words, of great thickness. Indeed, 
if wo compare this inforred subsidence in tho Silurian period, 
with such elevations and depressions as our existing con- 
tinents and oceans display, we soe no ovidenge that the 
Farth’s crust was appreciably thinner then than now. 
What are the implications? If, as geologists generally 
admit, the Barth's crust has resulted from that slow cooling 
which is even still going on—if we see no sign that at the 
time when the earliest Cambrian strata were formed, this 
crust was approciably thinner than now; wo aro forced 
to conclude that the era during which it acquirod that great 
thickness possessed in the Cambrian period, was onormous 
as compared with the intorval botween the Cambrian period 
and our own. Bub during the incalculable series of epochs 
thus one) there existed an ocean, tides, winds, waves, 
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 tivers, Tho agencies by which the acntinee 
continents and filling up of seaz have all along been carried 
on, wore ax active then as now. Endless successions of 
strata must have been formed. And when we ask—Where 
are they? Nature’s obvious reply is—They have been 
destroyed by that igneous action to which so great apartof 
our oldest-known strata owe their fusion or metamorphosis. 

Only the last chapter of the Earth's history has come 
down tous. ‘The many previous chapters, stretching back 
to a time immeasurably remote, have been burnt; and with 
them all the records of life we may presume they contained, 
The greater part of the evidence which might have served 
to settle the Development-controversy, is for ever lost; and 
on neither side can the arguinents derived from Geology 
be conclusive. 

“But how happen there to be such evidences of progres- 
sion as exist?” it may be asked. “How happens it that, in 
ascending from the most ancient strata to the most recent 
etrata, we do find a guccession of organic forma, which, 
howovor irrogularly, carries us from lower to higher?” 
This question seems difficult to answer. Novertheless, there 
is ronson for thinking that nothing can be safely inferred 
from the apparent progression here cited. And the ilustras 
tion which shows as much, will, we believe, also show how 
little trust is to be placed in certain geological generaliza- 
tions that appear to be well established. With this some~ 
what claborato illustration, to which wo now pass, our 
criticisms may fitly conclude, 


Let us suppose that in a region now covered by wide 
ocean, there begins one of those great and gradonl upheavals 
Ly which new continents are formed. To be precise, let us 
say that in the South Pacific, midway between New Zealand 
and Patagonia, the sea-bottom has been little by little thrust 
up toward the surface, and is about to emerge. What will 
be the successive phenomena, geological and biological, which 
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‘tre likoly to occur before this emerging sen-bottom has be- 
come another Europe or Asia? In the first place, such por= 
tions of the incipient Iand as are raised to the level of the 
waves, will be rapidly denuded by them: their soft substance 
will be torn up by the breakers, carried away by the local 
currents, and deposited in neighbouring deeper water. Suc- 
cessive amall upheavals will bring now and larger aroas 
within reach of the waves; fresh portions will each time be 
temoved from the surfaces previously denuded ; and further, 
some of the newly-formed strata, being elevated nearly to 
the level of the water, will be washed away and re-deposited. 
Tn course of time the harder formations of the upraised 
sea-bottom will be uncorered. These, being less easily 
dostroyed, will remain permanently above the surface; and 
at their margins will arise the usual breaking down of rocks 
into beach-sand and pebbles. Whilo in the slow course of 
this elevation, going on at tho rate of perhaps two or three 
feet ins century, most of the sedimentary deposits pro- 
duced will be ngnin and again destroyed and reformed; 
there will, in those adjacent areas of subsidence which 
accompany areas of elevation, be more or less continuous 
successions of sedimentary deposits lying on the pre-exist- 
ing ocean bed. And now, what will be the character of 
these strata, old and new? They will contain scarcely any 
traces of life, Tho deposita that had previously born slowly 
formed at the bottom of this wide ocean, would be sprinkled 
with fossils of but few species. The oceanic Fauna is not 
a rich one; its hydrozoa do not admit of proservation; and 
the hard parts of its few kinds of molluscs and crastaceana 
and insects are mostly fragile. Hence, when the ocenn-bed 
was here and there raised to the surface—whon its strata of 
sediment with their contained organic fragments were torn 
up and long washed about by the breakers before being 
re-deposited—when the re-deposita were again and again 
subject to this violent abrading action by subsequent small 
elevations, as they would mostly be; what fow frugile 
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organic remains they contained, would be in nearly: 

destroyed. Thus such of the first-formed strate as 

the repoated changes of level, would be practically “szoie;”” 
like the Cambrian of our geologists. Whon by the washing 
away of the soft deposits, the hard sub-strata had boon 
exposed in the shape of rocky islets, and » footing had thus 
been furnished, the pioneers of anew life might beexpected 
to make their sppearance. What would they be? Notany 
of the surrounding oceanic species, for these are not fitted 
for a littoral life ; but species flourishing on some of the far- 
distant shores of the Pacific, Of such, tho first to establish 
themselves would be soa-weeds and zoophytos; because the 
most readily conveyed on floating wood, &c., and becanse 
when conveyed they would find fit food. It is true that 
Cirrhipeds and Lamellibranchs, subsisting on the minute 
creatures which everywhere people the sea, would also find 
fit food. But the chances of early colonization are in favour 
of species which, multiplying by agamogenesis, can people 
n whole shore from a single germ; ond agninst species 
which, multiplying only by gamogonesis, must be intro~ 
duced in considerable numbers that some may propagate. 
‘Thus we infer that the earliest traces of life left in the 
sedimentary deposits near these new shores, will be traces 
of life ax humble as that indicated in the most ancient rocks: 
of Great Britain and Ireland, Imagine now that the pro- 
cesses above indicated, continue—that the emerging lands: 
bocomo wider in oxtent, and fringed by higher and more 
varied shores; and that there still go on those ocenn-ourrents: 
which, at long intervals, convey from far distant shores 
immigrant forms of life. What will result? Lupse of time 
will of course favour the introduction of such new forms: 
admitting, as it must, of those combinations of fit conditions, 
which can oceur only after long intervals. Moreover, the 
increasing area of the islands, individually and as a group, 
implies increasing length of coast, and therefore a longer 
line of contact with the streams and waves which bring 
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drifting massex bearing germs of fresh life. And once 
more, the comparatively-varied shores, presenting physical 
conditions which change from mile to mile, will furnish 
suitable habitats for more numerous species. So that as tho. 
elevation proceeds, three causes conspire to introduce ad- 
ditional marine plants and animals. To what classes will 
the increasing Fauna bo fora long period confined? OF 
courao, to claesea of which individuals, or their germs, are 
most liable to be carried far away from thoir native shores 
by floating sea-weed or drift-wood; to classes which ara 
also least likely to perish in transit, or from change of 
climate ; and to those which can best subsist around coasts 
comparatively bare of life. Evidently then, corals, annelids, 
inferior molluscs, and crustaceans of low grade, will chiefly 
constitute the early Fauna. Tho large predatory members 
of theso classes, will bo later in establishing themaclyes; 
both because the new shores muet first become well peopled 
by the creatures they prey on, and because, being more 
complex, they, or their ova, must be Jess likely to survive 
the journey, and the change of conditions, We my infer, 
then, that the strata deposited next after the almost 
“gzoic” strate, would contain the remains of invertebrata, 
allied to those found near the shores of Australia and South 
America, Of such invertebrate remains, the lower beds 
would furnish comparatively few gencra, and those of 
relatively low types; while in the upper beds the number of 
genera would be greater, and the types higher: just aa 
among tho fossils of our Silurian system, As this great 
geologic change slowly advanced through its long history 
of earthquakes, volcanic distarbances, minor upheavals and. 
subsidences—as the extent of the archipelago became 
greater and its smaller islands coalesced into larger ones, 
while its coast-line grow still longor and moro varied, and 
the neighbouring sea more thickly inhabited by inferior 
forms of life; the lowest division of the vortebrata would 
begin to bo represented. In order of time, fish would 









naturally come later than the lower invertebrata; 

being less likely to have their ova transported weross 
waste of waters, and as requiring for their 
‘pre-existing Fauna of some development. They might 
expected to make their appearance along with the 
daceous crustaceans; a3 they do in the uppermost Silurian — 
rocks. And here, too, let us remark, that ag, during this 
long epoch we have been describing, the sen would have 
made great inroads on some of the newly-raised lands which 
liad remained stationary; and would probably in some 
places have reached masses of igneous or metamorphic 
rocks; there might, in course of time, arise by the decom= 
position and denudation of such rocks,local deposits coloured 
with oxide of iron, like our Old Red Sandstone, And in 
these deposits might be buried the remains of the fish then 
peopling the neighbouring sea, ~ 
Meanwhile, how would the surfaces of the opheaved 
masses be occupied? At first their deserts of naked 
rocks would bear only the humblest forms of vegetal life, 
such as we find in grey and orange patches on our own 
rugged mountain sides; for these alone could flourish on 
such surfaces, and their spores would be the most readily 
transported. When, by the decay of such protophytes, and 
that decomposition of rock effected by them, thore had 
rosulted a fit habitat for mosses; these, of which the germs 
might be conveyed in drifted trees, would begin to spread. 
A soil having been eventually thus produced, it would be- 
come possible for plants of highor organization to find 
roothold; and as the archipelago and its constituent islands 
grow larger, and had moro multiplied relations with winds 
and waters, such higher plants might be expected ultimately. 
to have their seeds transferred from the nearest lands. 
After something like » Flora had thus colonized the surface, 
it would become possible for insects to exist; and of air 
breathing creatures, insects would manifestly be among the 
first to find their way from elsewhere, As, however, terres- 
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trial organisms, both vegetal and animal, are less likely 
than marine organisms to survive the accidents of transport 
from distant shores ; it is inferablo that long after the sea 
surrounding these new lands had acquired a yaried Flora 
and Fauna, the lands themselves would still be compara- 
tively bare; and thas that the carly strata, like our 
Silurians, would afford no traces of terrestrial life. By 
the time that Jarge areas had been raised above the ocean, 
we may fairly suppose a Juxuriant vegetation to have been 
nequired. Under what circumstances are we likely to find 
this vegetation fossilized ? Largo aurfacos of land imply 
large rivers with their accompanying deltas ; and are liable 
to have lakes and swamps. These, as we know from extant 
caves, are favourable to rank vegetation 5 and afford the 
conditions needful for preserving it in conl-beds. Observo, 
then, that while in the early history of such a continent » 
carboniferous period could not occur, the occurrence of 
carboniferous period would become probable after long- 
continued upheavals had uncovered large areas, As in our 
own sedimentary series, coal-beds would make their appear+ 
ance only after there had been enormous accumulations of 
earlicr strata charged with marine fossils. 

‘Let us ask next, in what order the higher forms of animal 
life would make their appearance. We have scen how, in 
the succession of marine forms, there would be something 
like @ progress from the lower to the higher: bringing us 
in the end to predaccous molluscs, crustaceans, and fish. 
What are likely to succeed fish? After marine creatures, 
those which would have tho greatest chance of surviving 
the yoyago would bo amphibious reptilos; both because 
they are more tenacious of life than higher animals, and 
because they would be loss completely out of their clement. 
Such reptiles as can live in both fresh and salt water, like 
alligators; und such as are drifted out of the mouths of 
great rivers on floating trees, as Humboldt says the Orinoco 





alligators are; might be early colonists. Tt is 
too, that reptiles of other kinds would be among the fi 
vertebrate to people the new: continent. If we consider 
what will occur on one of those natural rafts of trocs, soil, 
and matted vegetable matter, sometimes swept out to sea 
by such currents as the Mississippi, with a miscellancous: 
living cargo ; we shall see that while the active, hot-blooded, 
highly-organized creatures will goon die of starvation and 
exposure, the inert, cold-blooded ones, which can go long 
iltioes food). will live ‘pechays for weeks and a0; Out 
the chances from time to time occurring during long periods, 
reptiles will be the first to got eafely landed on foreign 
shores; as indeed they are even now known sometimes to bo. 
‘The transport of mammalian being comparatively precarious, 
must, in the order of probability, be longer postponed ; and 
would, indeed, be unlikely to occur until by the enlarge- 
ment of the new continent, the distances of its shores from 
adjacent lands had been greatly diminished, or the forma 
tion of intervening islands had increased the chances of 
survival, Assuming, however, that the facilities for immi- 
gration had become adequate; which would be the first 
mammals to arrive and livo? Not largo herbivores; for 
they would be goon drowned if by any accident carried out 
to sea. Not the carnivorn ; for these would lack appropriate 
food, even if they ontlived the voyage. Small quadrapeds 
frequenting trees, and feeding on insects, would be those 
most likely both to be drifted away from their native lands 
and to find fit food ina new one. Insectivorous mammals, 
like in size to those found im the Trias and the Stonesfield 
slate, might naturally be looked for as the pioncers of the 
higher vertebrata. And if we supposo the facilities of 
communication to be again increased, cithor by a further 
shallowing of the intervening sea and a consequent multi- 
plication of iklands, or by an netual junction of the new 
continent with an old one, through continued upheavals; 
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we should finally have an influx of the larger and more 
perfect mammals, 

Now rude as is this sketch of a process that would be ex- 
tromely olaborate and involved, and open as some of its 
propositions aro to criticisma which thero is no space hero 
to meet; no one will deny that it represents something 
like the biologic history of the supposed new continent. 
Details apart, it is manifest that simple organisms, able to 
flourish under simple conditions of life, would be the first 
successful immigrants; and that more complex organisms, 
needing for their existence the fulfilmont of more complex 
conditions, would afterwards establish themselves in some- 
thing like an ascending succession. At the one extreme 
we seo every facility. The new individuals can be con- 
veyed in the shape of minute germs; immense numbers of 
these are perpetually being carried in all directions to great 
distances by ovean-currents—vither detached or attached 
to floating bodies; they can find nutriment wherever they 
arrive; and the resulting organisms can multiply asexnally 
with great rapidity. At the other oxtreme, we sce every 
difficulty. Tho now individuals must bo conveyed in thoir 
adult forms; their nambers are, in comparison, utterly 
insignificant; they live on land, and are very unlikely to 
be carried out to sea; when so carried, the chances are 
immense against their escape from drowning, starvation, 
or death by cold; if they survive the transit, they must 
have 9 pre-existing Flora or Fauna to supply thoir special 
food; they require, also, the fulfilment of various other 
physical conditions ; and unless at least two individuals of 
difforent sexes are safely landed, the race cannot be ostab- 
lished. Manifestly, then, the immigration of each sncces- 
sively higher order of organixms, having, from one or other 
additional condition to be fulfilled, an enormonsly-increased 
probability against it, would naturally be separated from 
tho immigration of a lower order by somo period liko a 
geologic epoch. And thus the successive sedimentary 
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deposits formed while this new continent was undergoing 
gradual elevation, would seem to furnish clear evidence of 
@ goncral progress in tho forms of life. That lands thas 
raised up in the midst of a wide ocean, would first givo 
origin to unfossiliferous strata; next, to strata containing 
only the lowest marine forms; next to strata containing only 
the higher marine forms, ascending finally to fish; and that 
the strata above these would contain reptiles, then small 
mammals, then great mammals; seems to us demonstrable. 
And if the succession of fossila presented by the strata of 
this supposed new continent, would thus simalate tho suc- 
oession presented by our own sedimentary series; must we 
not conclude that our own sedimentary series very possibly 
records nothing more than the phenomena accompanyingone 
of these great upheavals? The probability of this conclusion 
Deing admitted, it must bo admitted that the facts of Pale- 
ontology can never suflice either to prove or disprove the 
Development Hypothesis; but that the most they can do is 
to show whether the last few pages of the Earth’s biologic 
history, are or are not in harmony with this hypothests— 
whethor the existing Flora and Fauna can or can not bo 
affiliated upon the Flora and Fauna of the most recent 
geologic times. 
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[First published in The Medico-Chivargical Review for January, 
1800.) 


Avrren the controversy between the Neptunists and the 
Vulcanists had been long carried on without definite ro- 
sults, there camea reaction against all speculative goology. 
Reasoning withont adequate data having led to nothing, 
inguirers went into the opposite extreme, and confining 
themselves wholly to collecting data, relinquished reasoning. 
‘The Geological Society of London was formed with the 
express object of accumulating evidence; for many years 
hypotheses were forbidden at its meetings: and only of 
late havo attempts to organize the mass of observations 
into consistent theory been tolerated. 

‘This reaction and subsequent re-reaction, well illustrate 
the recent history of English thought in general. The 
time was when our countrymen speculated, certainly to as 
great an extent as any other people, on all those high 
questions which present themselves to the human intellect; 
and, indecd, a glance at the systems of philosophy that 
‘ro or bayo boon curront on the Continent, sufficos to 
show how mach other nations owe to the discoveries of our 
ancestors, For a generation or two, however, these more 
abstract subjects have fallen into noglect; and, among 
those who plume themselves on being “ practical,” even 
into contempt. Partly, perhaps, a nataral accompaniment 
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of our rapid material growth, this intellectual phase has 
‘Deen in great measure due to the exhaustion of argument, 
and the necessity for better data. Not so much with » 
conscious recognition of the end to be subserved, as from 
‘@n unconscious subordination to that rhythm traceable in 
social changes as in other things, an era of theorizing 
without observing, has been followed by an era of observing 
without theorizing. During this long-continued devotion 
to concrete science, an immense quantity of raw material 
for abstract science has been accumulated; nnd now there 
is obviously commencing # period in which this accumulated 
raw material will be organized into consistent theory. On 
all sides—equally in the inorganic sciences, in the science 
of life, and in the science of society—we may note the 
tendency to pass from the superficial and empirical to the 
more profound and rational. 

In Psychology this change is conspicnons. The facts 
brought to light by anatomists and physiologists during 
the last fifty years, are at length being used towards the 
interpretation of this highest class of biological phenomena; 
and already thers is promise of a great advance. The 
work of Mr, Aloxonder Bain, of which the second volume 
has been recently issued, may be regarded as especially 
charncteristio of tho transition. It gives us, in orderly 
arrangement, tho great masa of evidence supplied by 
modern science towards the building-up of a coherent 
system of mental philosophy. It is not’ in itself a system 
of mental ‘philosophy, properly so called; but m classified 
collection of materials for such a system, presented with 
that method and insight which scientific discipline generates, 
and accompanied with occasional passages of an analytical 
character. It is indoed that which it in the main professes 
to be—a natural history of the mind. Were wo to say 
that tho resenrchos of tho naturalist who collects and 
dissects and describes species, bear the same relation to 
the researches of the comparative anatomisb tracing ont 


tho laws of orzasimtion, which Mr. Bain’s labours bear to 
the labours of tho abstract prrehologist, wo should be going 
somewhat too far; for Mr. Bain’s work is not wholly 
descriptive. Still, however, euch an analogy conveys the 
best general conception of what bo has dono; and serves 
most clearly to indicate its needfulness. For as, before 
there can be made anything like true generalizations 
respecting the classification of organisms and the laws of 
organization, there must be an extensive accanmlation of 


tolerably-complete 
of all orders, there can scarcely arise any adequate thoory 
of mind. Until recently, mental science has been pursued 
mach as physical science was pursued by the ancients; 
not by drawing conclusions from observations and 
experiments, bat by drawing them from arbitrary a priori 
assumptions. This course, long since abandoned in the 
one case with immense ndvantago, is gradually being 
abandoned in tho othor ; and the treatment of Payehology 
a8 a division of natural history, shows that the abandonment 
will soon be complete. 

Estimated as a means to higher results, Mr. Bain’s work 
is of great value. Of its kind it is the most sciontific in 
conception, the most catholic in. spirit, and the moat 
complete in execution. Besides delineating the various 
classes of mental phenomena as seen under that stronger 
light thrown on them by modern science, it includes in the 
picture much which previous writers had omitted—partly 
from prejudice, partly from ignorance. We refer more 
especially to the participation of bodily organs in mental 
changes; and the addition to the primary mental changes, 
of those many socondary ones which the actions of tho 
bodily organs generate. Mr. Bain has, we beliero, been 
the first to appreciate the importance of this cloment in 
our étates of consciousness; and it is one of his merits that 
he shows how constant and large an clement it is. Purthor, 
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tho relations of voluntary and involuntary movemonta are 
elucidated in w way that was not possible to writers 
unacquainted with the modern doctrine of reflex action, 
And beyond this, some of the analytical passagos that here 
and there occur, contain important ideas. 

Valuable, however, as is Mr, Bain’s work, we regard it.as 
essentially transitional. It presents in a digested form the 
results of a period of observation; adds to these results 
many well-delinented facts collected by himself; arranges 
new and old materials with that more scientific method which 
the discipline of our times has fostered ; and so prepares the 
way for better generalizations. But almost of necessity its 
classifications and conclusions are provisional. In the 
growth of each science, not only is correct observation 
neodiul for the formation of true theory; but true theory 
ig needful as a preliminary to correct observation. Of 
courso we do not intend this assertion to be taken literally ; 
‘but as a strong expression of the fact that the two must 
advance hand in hand. The first crade theory or rough 
classification, based on very slight knowledge of the phe« 
nomena, is requisite as a means of reducing the phenomena 
to some kind of order; and as supplying a conception with 
which fresh phenomena may be compared, and their agree- 
ment or disagreement noted. Incongruities being by and 
by made manifest by wider examination of cases, there 
comes such modification of the theory as brings it into a 
nearer correspondence with the evidence. ‘This reacts to 
the further advance of observation. More extensive and 
complete observation brings additional corrections of theory ; 
and so on till the truth is reached. In mental science, the 
systematic collection of facts having but recently com- 
monced, it ie not to be expected that the results can be ab 
once rightly formulated. All that may be looked for ara 

" approximate generalizations which will presently serve for 
the better directing of inquiry. Hence, even were it nob 
now possible to say in what way it docs so, we might be 


a 
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tolerably certain that Mr. Bain’s work bears the stamp of 
the inchoate state of Psychology. 

We think, however, that it will not be difficult to find 
in what respects its organization is provisional; and ob 
tho same timo to show what must bo the naturo of a 
more complete organization. We propose here to attempt 
this: illustrating our positions from his rocently-issusd 
second volume, 


Ts ib possible to make » true classification withoub the 
aid of aualysis? or must there nob be an analytical basis to 
every true classification? Cun the real relations of things 
be determined by the obvious characteristics of the things? 
or does it not commonly happen that certain hidden charac- 
toristics, on which tho obvious ones depend, are tho truly 
significant onos? This is the preliminary question which a 
glance at Mr. Bain’s scheme of the emotions suggests. 

‘Though not avowedly, yet by implication, Mr. Bain 
weumes that a right conception of the nature, the order, 
and the relations of the emotions, may be arrived at by 
contemplating their conspicuous objective and subjective 
characters, as displayed in the adult. After pointing out 
that we lack thoso means of classification which serve in 
‘the case of the sensations, he says— 

“In theso clreumstances we must turn cur nitention to the manner of 
igusion of the different passions and emotions, in order to obtain m basia of 
classification analogous to tho arrangomont of tho sensations, If what we 
have already advanced on that subject be at all well founded, this is the 
genuine turning point of the method to be chasen, for the sama modo of 
diffosion will always be sccompanied ty the samo mental experience, and 
each of the two aspects would identify, and would be ovidence of, ths other, 
‘There is, therefore, nothing so thoroughly characteristic of any state of 
fooling as the natura of the diffurive wave ‘that embodies it, or the various: 


adios! imperfection in tha soience of mind ak conetitated wt protent. 
"Oar own conteiousnoss, formerly reckoned the only medicm of know. 


ol 





edge to the mental philosopher, must therefore be atill reforrod to aa n 
principal means of discriminating the variction of human feeling. We havo. 
the power of noting sgreement mod difference among our conscious states, 
and on this wo ean raise @ strocture of classification. We recognise euch 
Be cera esesst Below tagreriteweh ts Seeaire oer 
intellectual discrimination that accompanies in our mind the fact of 
emotion. A cuts Serse of prasion I atnable by this mols of sential 
; tho farther wo ean carry such precision 
ther tek Usa ono vagon yf dead teal lens io hd Conon abd 
‘corporeal embodiments through which one mind reveals itself to others, 
‘The companionship of inward feeling with bodily manifestation ia a fast of 
‘the homan constitution, and deserves to be studied as such; and it would be 
difficult to find & place more sppropriate than a treative on the mind for 
‘wetting forth the conjunctions and sequences teaceable in this department uf 
‘nature. I'shall mako no soruple in conjoining with the deseription af the 
mental phenomens tho physical appearances, in co far as X aim able 10 
ascertain them. 7 
“There is still one other quarter to be referred to in sattling a eomplote 


example, the vast superstructure of fine art has its foundations ia huwan 
feoling, and in rendering an ascount of this wo are led to recogniaa the 
interesting group of artistic or mathotic emotions. ‘Tho anmo outward 
reforence to conduct and ercations brings to light tho eo-called moral 
sexs in man, whose foundations in the mental system have accordingly 
to be examined. 

“Combining togother theso various indlations, or sources of diserimina. 
tion, —outward objects, diffusive mode or expression, inwanl consciousness, 
resulting conduct and institations,—I adopt the following arrangement of the 
families or nagural orders of emotion." 


Here, then, are confessedly adopted, as bases of classi« 
fication, the most manifest characters of the emotions; 
a8 discerned sabjectively, and objectively. ‘Tho mods of 
diffusion of an emotion ia one of its outside aspects; tho 
institutions it goneratos form anothor of ita outside aspects; 
and though the peculiarities of the emotion as s state of 
consciousness, seem to express its intrinsic and ultimate 
nature, yeb such peculiarities as are perceptible by simple 
introspection, mugt also be classed us superficial peculiari- 
ties. It ise familiar fact that various intellectual states of 
consciousness turn out, when analyzed, to have natures 
widely unlike those which at first appear; and we believe 
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the like will prove true of emotional states of consciousness. 
Just as our concept of space, which is apt to be thought 
a simple, undecomposable concept, is yet resolvable into 
experiences quite different from that state of consciousness 
which we call space; so, probably, the sentiment of affection 
or reverence is compounded of elements that are severally 
distinct from the whole which they make up. And much 
‘aa 0 classification of our ideas which dealt with the idea of 
space as thongh it were ultimate, would be a classification 
of ideas by their externals; so, a classification of our 
emotions, which, regarding them as simple, describes their 
aspects in ordinary consciousness, is a classification of 
emotions by their externals. 

Thus, thon, Mr, Bain’s grouping is throughout determinod 
by the most manifest attributes—those objectively displayed 
in the natural language of the emotions, and in the social 
phenomena that result from them, and those subjectively 
displayed in the aspects the emotions assume in an analyti- 
cal consciousness. And the queation is—Can they bo 
correctly grouped after this method ? 

‘Wo think not; and had Mr. Bain carried farther an idon 
with which ho has sot out, he would probably have seen that 
they eannot, As already snid, he avowedly adopts “tho 
natural-history-method :” not only referring to it in his pro- 
face, but in bis first chapter giving examples of botanical 
and zoological classifications, as illustrating the modo in 
which he proposes to deal with the emotions. This wo 
conceive to be a philosophical conception ; and we lave 
only to regret that Mr. Bain has overlooked somo of its 
most important implications. For in what has essentially 
consisted the progress of natural-history-classification? In 
tho abandonment of grouping by external, conspicuous 
characters; and in the making of cortain internal, but all- 
essential characters, the bases of groups. Whales are not 
now ranged along with fish, because in their general forms 
and habits of life they resemble fish ; but thoy are rouge 
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with mammals, becauze the type of their organization, as 
ascertained by dissection, corresponds with that of mammals. 
No longer considered as sca-weeds in virtuo of thoir forms 
and modes of growth, Polyzoa are now shown, by examina- 
tion of thoir economy, to belong to tho animal kingdom. 
It is found, then, that the discovery of real relationships 
involves analysis. It has turned ont that the earlier classi- 
fications, guided by general resemblances, though containing, 
much truth, and though very useful provisionally, were yeb_ 
in many cases radically wrong ; and that the true affinities 
of organisms, and the true homologies of their parts, are 
to bo made ont only by examining their hidden structures. 
Anothor fact of great significance in the history of classifi- 
cation is also to be noted. Very frequently the kinehip of 
an organiam cannot be made ont even by exhaustive 
analysis, if that analysis is confined to the adult stracture, 
In many cases it is needful to examine the structure in its 
eorlior stages ; and even in its embryonic stage. So diffi- 
cult was it, for instance, to determine the true position of 
tho Cirrhipedia among animals, by examining mature 
individuals only, that Cavier erroneously classed them with 
Molluaca, oven after dissecting them; and not until their 
early forms were discovered, were they clearly proved to 
belong to the Crustacea. So important, indeed, is the study 
of development as a means to classification, that the first 
zoologists now hold it to be the only absolute criterion. 
Here, then, in the advance of natural-history-classification, 
are two fundamental facts, which should be borne in mind 
when classifying the emotions, If, as Mr. Bain rightly 
agsumee, the emotions are to be grouped after the natural~ 
history-method; then it should be the natural-history- 
method in its complete form, and not in its rude form.. 
Mr. Bain will doubtless agree in the belief, that a correct 
account of the emotions in their natures and relations, must 
‘correspond with correct account of the nervous system— 
‘must form another side of the samo ultimate facts, Struc- 
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ture and function must nocossarily harmonize. Structures 
which have with each other certain ultimate connexions, 
must have functions which have answering connexions. 
Structures which have arisen in certain ways, must have 
functions which have arisen in parallel ways. And hence if 
analysis ond development are necdful for the right inter- 
pretation of structures, they must be needful for the right 
interpretation of functions. Just as a scientific description 
of the digestive organs must include not only their obvions 
forms and connexions, but their microscopic characters, 
and also the ways in which they severally result by 
differentiation from the primitive mucous membrane; so 
must @ scientific account of the nervous system include its 
general arrangements, its minute structure, and its modo 
of evolution; and so must a scientific account of nervous 
actions include the answering threo elementa. Alike in 
classing separate organisms, and in classing the parts of 
the same organism, the complete natural-history-method 
involves ultimate analysis, aided by development; and Mr. 
Bain, in not basing his classification of the emotions on 
characters reached through these aids, has fallen short of 
the conception with which ho sot out. 

“ But,” it will porhaps be asked, “how aro the emotions 
to be analyzed, and their modes of evolution to be ascor- 
tained? Different animals, and different organs of the 
game animal, may readily be compared in their internal 
structures and microscopic structures, ax also in their 
developments; but functions, and especially such functions 
as the emotions, do not admit of like comparisons.” 

It must be admitted that the application of these mothods 
iz hore by no means so easy, Though wo can note differ~ 
onees and similarities between the internal formations of 
two avimals; it is difficult to contrast the mental states of 
two animals. Though the trae morphological relations of 
organs may be made oub by observation of embryos; yet, 
“where such organs aro inactive before birth, we cannot 


So 
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completely trace the history of their actions, Obviously, 
too, pursuance of inquiries of the kind indicated, raises 
questions which science is not yet prepared to answer; ns, 
for instanco—Whother all norvous functions, in common 
with all other fanctions, arise by gradual differentiations, 
as their organs do? Whether tho emotions are, thorefore, 
to be regarded as divergent modes of action that have 
become unlike by ive modifications? Whether, as 
two organs which originally budded out of the sams mem~- 
brane have not only become different as they developed, 
bat have also severally become compound internally, though 
externally simple; so two emotions, simple and near akin 
in their roots, may not only have grown unlike, but may 
also have grown involved in thoir natures, though seeming: 
homogeneous to consciousness? And here, indeed, in the 
inability af existing science to answer these questions which 
underlie @ true psychological classification, wa see how 
purely provisional any present classification is likely to bo. 
Nevyorthcless, even now, classification may be aided by 
development and ultimate analysis to a considerable oxtont ; 
and the defect in Mr. Bain’s work is, that he has not ayste- 
matically availed himself of them as far as possible, Thus 
we may, in the first place, study the evolution of the exno- 
tions up through the various grades of the animal kingdom: 
observing which of them are earliest and exist with the 
lowest organization and intelligence ; in what order the 
others accompany higher endowments; and how they are 
feverally related to tho conditions of lifo, In the second 
place, we may note the emotional differences botwoon 
tho lower and the higher haman racca—may rogard as 
earlier and simplor thoso feolings which are common to 
both, and as later and more compound those which are 
characteristic of the most civilized. In the third place, 
we mnay observe the order in which the emotions unfold 
during the progress from infancy to maturity. And lastly, 
comparing these three kinds of emotional dovelopment, 
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displayed in the ascending grades of the animal kingdom, 
in tho advance of the civilizod races, and in individual 
history, we may see in what respecta they harmonize, and 
what aro tho implied general truths, 

Having gathered together and generalized these several 
classes of facts, aualysia of the emotions would be mado 
easier. Setting out with the assumption that every new form 
of emotion making its appearance in the individual or the 
race, is a modification of some pre-existing emotion, or a 
compound of several pre-existing emotions, we should 
be greatly aided by knowing what always are the pre- 
existing emotions. When, for example, we find that yory 
fow of the lower animals show any love of accumulation, 
and that this feeling is absent in infancy — when we see 
that an infant in arms exhibits anger, fear, wonder, while 
yot it manifests no desire of permanent possession, and that 
nw brate which has no acquisitiveness can nevertheless feel 
attachment, jealousy, love of approbation; we may suspect 
that tho feeling which proporty satisfies is compounded 
out of simpler and deeper feelings. We may conclude 
that os, when a dog hides a bono, there must oxist in 
him a prospective gratification of hunger; so there must 
similarly at first, in all cases where anything is seenred 
or taken possession of, exist an ideal excitement of the 
feeling which that thing will gratify. We may further 
conclude that when the intelligence is such that a variety 
‘of objects come to be utilized for difforent parposes—when, 
as among savages, divers wants are satisfied through the 
articles appropriated for woapons, shelter, clothing, orna* 
ment; the act of appropriating comes to be ons constantly 
involving agreeable associations, and one which ix there- 
fore pleasurable, irrespective of the end subserved. And 
when, as in civilized life, the property acquired is of n kind 
nob conducing to one order of gratification in particular, 
but is capable of administering to all gratifications, the 
pleasure of acquiring property grows more distinct Crom 


—/. 2h 





252 ‘BAIN ON THE RMOTIONS AND THE WILL. 


‘ench of the various pleasures subserved—is more completely 
differentiated into a separate emotion. 

‘This illustration, roughly as it is sketched, will Show whab 
‘wo moan by the use of comparative psychology in aid of 
classification, Aacertaining by induction the actual order 
of evolution of the emotions, we are led to suspect this 
to be their order of successive dependence; and are so 
Jed to recognize their order of ascending comploxity ; and 
by consequence their true groupings. 

Thus, in the very proceas of arranging the emotions into 
grades, beginning with those involved in the lowest forma 
of conacions activity and onding with those peculiar to the 
adult civilized man, the way is opened for that ultimate 
analysis which alone can lead us to the true science of the 
matter. For when we find both that there exist in a 
man feelings which do not exist in a child, and thnt the 
Huropean is characterized by some sentiments which are 
wholly or in great part absent from the savage—when wo 
seo that, besides the new emotions which arise spontancously 
as the individual becomes completely organized, there are 
new omotions making their appearance in the more adyanced 
divisions of our race; wo are led to ask—How are new 
emotions generated? The lowest savages have not even 
the ideas of justice or mercy: they have neither words for 
them nor can they be made to conceive them; and the 
manifestation of them by Europeans they ascribe to foar 
or cunning. There are wsthetic emotions common among 
ourselves, which are scarcely in any degree experienced by 
fome inforior races; ns, for imstance, those produced by 
music. ‘To which instances may be added the less marked 
‘but more numerous contrasts that exist between civilized 
races in the degrees of their several emotions, And if it 
is manifest, both that all the emotions are capable of being 
permanently modified in the course of successive generations, 
and that what must bo classed as new emotions may be 
brought into existence; then it follows that nothing likea 
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trae conception of the emotions is to be obtained, until we 
understand how they are evolved. 

Comparative Psychology, whilo it raises this inquiry, 
prepares the way for answering it. When observing the 
differences between races, we can scarcely fail to observe 
also how these differences correspond with differences 
between their conditions of existence, and consequent 
activities. Among the lowesb races of men, love of 
property stimulates to the obtainment only of such things 
as satisfy immediate desires, or desires of the immediate 
future. Improvidenco’is tho rulo; thoro is little effort to 
meet remote contingencies. Bat the growth of established 
socictica having gradually given security of possession, 
there has been an increasing tendency to provide for 
coming years: there has been a constant exercise of the 
focling which is satisfied by n provision for the fature; and 
there has been a growth of this feeling so great that it now 
prompts accumulation to an extent beyond what is needful. 
Note, again, that under the discipline of social life—unader 
% comparative abstinence from aggressive actions, and a per= 
formance of thosonaturally-sorviceable actions implied by the 
division of lubour—thers has been a development of those 
gentle emotions of which inferior races exhibit but the rudi- 
ments. Savages delight in giving pain rather than pleasure 
—are almost devoid of sympathy; while among ourselves, 
philanthropy organizes itself in laws, establishes numerous 
institutions, and dictates countless private benefactions, 

From which and other like facts, does it not seem an 
unavoidable inference, that new emotions are developed by 
new exporionces—now habits of lifo? All aro familiar with 
the truth that, in the individual, each feeling may be 
strongthened by performing those actions which it prompts ; 
and to say that the feeling is strengthened, is to say that 
it is in part made by these actions. We know, further, 
that not unfrequently, individuals, by persistence in special 
courses of conduct, acquire special likings for such evorwe, 
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disagreeable aa these may be to others; and those whims, 
or morbid tastes, imply incipient emotions corresponding 
to these special activities. We know that emotional 
characteristics, in common with all others, are hereditary; 
nnd the differences between civilized nations descended 
from tho same stock, show us the cumulativo results of 
emull modifications hereditarily transmitted. And when 
we seo that between savage and civilized races which 
diverged from one another in the remote past, and have 
+ for a hundred generations followed modes of life becoming: 
ever more unlike, there exist still greater emotional 
contrasts; may we not infer that the more or less» 
distinct emotions which characterize civilized races, are the 
organizod results of certain daily-repeated combinations of 
mental states which social life involves? Must we not say 
that habits not only modify emotions in the individual, and 
not only beget tendencies to like habits and accompanying ~ 
emotions in descendants, bub that when the conditions of 
the race make the habits persistent, this progressive modi- 
fication may go on to the extent of producing emotions so 
far distinct as to seem new? And if 40, we may suspect 
that such new emotions, and by implication all emotions 
analytically considered, consist of aggregated and consoli« 
dated groups of those simpler foolings which habitually 
occur together in experience. When, in the circumstances 
of any race, some one kind of action or set of actions, sem=r 
sationor setof sensations, is usually followed, or accompanied, 
by various other sets of actions or sensations, and so entails 
a large mass of pleasurablo or painful states of consciows- 
ness; these, by frequent repetition, become go connected. 
together that the initial action or sensation brings the ideas 
of all tho rost crowding into consciousness: producing, in 
some degree, the pleasures or pains that have before been 
felt in reality. And when this relation, besides being fre= 
quently repeated in the individual, occurs in successive 
generations, all the many nervous actions involved tend to 
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grow organically connected. They become inelpiently 
reflex; and, on tho occurrence of the appropriate stimulns, 
the whole nervous apparatus which in past generations was 
brought into activity by this stimulus, becomes nascently 
excited. Even while yet there have been no individual 
experiences, a yvaguo feeling of pleasure or pain is pro- 
duced ; constituting what we may call the body of tho 
emotion. And when the experiences of past generations 
come to be repeated in the individual, the emotion gains 
both strength and definiteness ; and ix nwecompanied by the 
appropriate specific ideas. 

This view of the matter, which we believe the estab- 
lished truths of Physiology and Psychology unite in indi- 
cating, and which is the view that generalizes the phenomena 
of habit, of national characteristics, of civilization in its 
moral axpects, at the same time that it gives us a conception 
of emotion in its origin and ultimate natare, may bo 
illustrated from the mental modifications undergone by 
animals. On newly-discovered lands not inhabited by man, 
birds are 40 devoid of fear as to allow themselves to be 
knocked over with sticks; but in the course of generations, 
they acquire such » dread of man as to flyon his approach; 
and this dread is manifested by young as well as by old, 
Now unless this change be ascribed to tho killing-off of 
the less fearful, and the preservation and multiplication 
of the more fearful, which, considering the comparatively 
small nomber killed by man, is an inadequate cause; it 
must be ascribed to accumulated experiences; and each 
experience must be held to have a share in producing it. 
We must conclude that in each bird which escapes with 
injuries inflicted by man, or is alarmed by the outcries of 
other members of the flock (gregarious creatures of any 
intelligence being necossarily moro or less sympathetic), 
there ie cstablishod an association of ideas botwoen the 
human aspect and the pains, direct and indirect, suffered 
from human agency. And wo must further conclude that 

n 
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tho state of conscionsness which impels the bird to take 
flight, is at first nothing moro than an desl xepeonaea 
‘of those painful impressions which before followed man’s 
approach ; that such ideal reproduction becomes more vivid 
‘nd more massive as the painful experiences, direct or 
sympathetic, increase; and that thus the emotion in its 
incipient state, is nothing else than an aggregation of the 
revived pains before experienced. As, in the course of 
generations, the young birds of this race begin fo display 
a fear of man before yet they have been injured by him, 
it is an unavoidable inference that the nervous system of 
the race bas been organically modified by these experiences : 
wo havo no choice but to conclude that when a young bird 
is thus Jed to fly, it is because the impression produced on 
its senses by the approuching man, entails, through an 
incipiently-reflex action, a partial excitement of all those 
nerves which in ils ancestors had been excited under the like 
conditions; that this partial excitement has its accompanying 
painfal consciousness ; and that the rague painful conscious- 
ness thus arising, constitutes cmotion proper—emotion 
undecomposable into specific exporionces, and therefore 
seemingly homogencorte. 

If euch be the explanation of tha fact in this cage, thon it 
ig in all cases. If emotion is so generated hore, thonit is 20 
generated throughout, We mnst perforce conclude that the 
emotional modifications displayed hy different nations, and 
those higher emotions by which civilized are distinguished 
from savage, are to be accounted for on the same principle. 
And concluding this, we are led strongly to suspect that 
the emotions in general have severally thus originated. 

Porhaps we have now mado sufficiently clear what we 
mean by the atady of the emotions through analysia and 
development. We have aimed to justify the positions that, 
without analysis aided by development, there cannot bea 
true nateral history of the emotions; and thnt a natoral 
history of the emotions based on external characters can bo 
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bat provisional. We think that Mr. Bain, in confining him- 
self to an account of the emotions as they exist in the adult 
civilized man, has negleoted thoso classes of facts out of 
which the science of the matter must chiefly be built. Itis 
true that he has treated of habits as modifying emotions in 
tho individual ; but ho has not recognized the fact that where 
conditions rendur habits persistent in successive generations, 
such modifications are cumulative: he has not hinted that 
the modifications produced by habit are emotions in the 
making. It is true, also, that he occasionally refers to the 
characteristics of children; but he does not systematically 
trace the changes through which childhood passes into wan- 
hood, as throwing light on tho order ond genesis of the 
emotions. It is farther true that he here and there refers 
to national traits in illustration of his subject; but these 
stand as isolated facts, having no general significance: 
there is no hint of any relation between them and the 
national circumstances ; while all those many moral contrasts 
between lower and higher races which throw great light 
on classification, are passed over. And onco more, itis true 
that many passages of his work, and sometimes, indeed, 
whole sections of it, aro analytical; but his analyses aro 
incidental—thoy do not undorlio his entire scheme, but aro 
here and there added to it, In brief, he has written a Des- 
eriptive Psychology, which doos not appeal to Comparative 
Psychology and Analytical Psychology for its leading ideas. 
And in doing this, he has omitted much that should be 
included in @ natural history of the mind; while to that part 
of the subject with which he has dealt, he bas given a 
necessarily-imperfect organization. 


Even leaving out of viow the absence of those methods 
and criteria on which wo have heen insisting, it appears to 
us that meritorious as is Mr. Bain’s book in ita details, it is 
defective in some of its leading ideas. ‘The first paragraphs 
of bis first chapter, quite startled us by the strangeness of 








ascribed to laxity ofexpression. The paragraphs ran thus:— 
“Mind fs comprised under three heads,—Emotion, Yolition, und Intellect. 

“ Zworox is the namo hero used to comprehond all that is understood by 
feelings, states of feeling, ploasures, pains, passions, eontiments, affeetions. 
‘Consciousness, and conscious states also for the most part denote modes of 
‘emotion, although thero is such a thing as tho Intellectaal conscloosness. 

“Vouxerox, on the other hand, indioates the grent fact that our Pleawes 
nd Pains, which ste not the whole of our emotions, prompt to action, or 
stimulate the active machinery of the living fmmework to perform such 
‘operations as procore the first and nbate the last, ‘To withdraw from & 
woalding host, and cling to a gentle warmth, aro exercises of volition.” 

The last of these definitions, which we may most conve- 
niently take first, seoms to us very faulty. We:caunot, bub 
fee] astonished that Mr. Bain, familiar as he is with the 
phenomena of reflex action, should have so expressed 
himeelf as to include a great part of them along with the 
phenomena of volition. He soema to bo ignoring tho dis- 
criminations of modern acience, and returning to the vague 
conceptions of the past—nay more, he is comprehending 
under volition what even the popular speech wonld hardly 
bring under it. If you were to blame any one for snatch 
ing his foot from the scalding water into which he had 
inadvertently put it, he would tell you that he could nob 
help it; and his reply would be indorsed by tho goneral 
experience, that the withdrawal of a limb from contact with 
something extremely hot, is quite involuntary —that it takes 
place not only without volition, but in defiance of an effort 
of will to maintain the contact. How, then, can that be 
instanced as an example of volition, which occurs even 
whan volition is antagonistic? We are quite aware that it 
is impossible to draw any absolute line of demarcation 
between aytomatic actions and actions which are nob 
automatio. Doubtloss we may pase gradually from the 
purely reflex, through the consensual, to the voluntary, 
‘Taking the caso Mr. Bain cites, it is manifest that from a 
heat of such moderate degree that the withdrawal from it 
is wholly yoluntary, wo may advance by infinitesimal steps 
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to a heat which compels involuntary withdrawal; and that 
there is stage at which the volantary and involuntary 
actions are mixed. Bat the difficulty of absolate discrimi- 
nation is no reason for noglecting the broad goneral 
contrast; any more than it is.for confounding light with 
darkness. If we are to include as examples of volition, 
all cases in which pleasures and pains “stimulate tho 
active machinery of the living framework to perform sneha 
operations as procure the first and abate the last,” thon 
we must consider sneezing and coughing as examples of 
volition; and Mr, Bain surely cannot moan this, Indeed, 
we must confess ourselves at a loss. On the one hand if 
be does not mean it, his expression is lax ton degree that 
surprises us in 80 careful a writer. On the other hand, if 
ho doos menn it, wo cannot undorstand his point of viow, 

A parallel criticism applies to his definition of Emotion. 
Hore, too, he has departed from the ordinary acceptation 
of tho word; und, asx wo think, in tho wrong diroction. 
Whatever may be the interpretation that is justified by its 
derivation, the word emotion has come generally to mean 
that kind of feeling which is not a direct result of any 
action on the organism 5 but is either an indirect result of 
such action, or srisos quite apart from such action. It is 
uzed to indicate those eentient etates which are indo- 
pondontly generated in consciousness; aa distinguished 
from those generated in our corporeal framework, and 
known ax sensutions. Now this distinction, tacitly made 
in common speech, is one which Psychology cannot well 
reject; but one which it mast adopt, and to which it must 
give scientific precision. Mr. Bain, however, appears to 
ignore any such distinction. Under the term emotion, 
he inclades not only passions, sentiments, affoctions, but all 
**foolings, statos of feeling, ploasures, pains,’—that is, all 
sensations. This does not appear to be a mero lapse of 
expression; for when, in the opening sentence, he asserts 
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that mind is comprised under the three heads—Emotion, 
Volition, and Intellect,” he of necessity implies that sonsa- 
tion is included undor one of thoso hoads ; and as it cannot 
be included under volition or intellect, it must be classed 
with emotion ; as it clearly is in the next sentence. 

We cannot but think this a retrograde step. Though 
distinctions which have been established in popular thought 
and language, are not unfrequently merged in the higher 
generalizations of science (as, for instance, when crabs and 
worms are grouped together in the sub-kingdom Annulore); 
yet science very generally recognizes the validity of theee 
distinctions, as real though not fundamental. And so in 
the present case, Such community as analysis discloses 
between sensation and emotion, must not shat ont the 
broad contrast that exists between them. If there needs a 
wider word, as there does, to signify any sontient state what- 
ever; then we may fitly adopt for this purpose the word 
currently so used, namely, “Feeling.” And considering 
ns Foclings all that great division of mental states which wo 
do not class as Cognitions, we may then separate this great 
division into the two orders, Sensations and Emotions. 


And here we may, before concluding, briefly indicate the 
leading outlines of a classification which reduces this 
distinction to & scientific form, and develops it somewhat 
further—a classification which, while suggested by certain 
fundamental traits reached without a very lengthened 
ingniry, is yet, we boliovo, in harmony with that disclosed 
by detailed analysis. 

Leaving out of view the Will, which is a simple homo- 
geneous mental state, forming the link between feeling 
and action, and not admitting of subdivisions; our states 
‘of consciousness fall into two great classes—Cocyrrions 
and Frexryos. 

Cogxrrioxs, or those modes of mind in which we are 
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ocoupied with the relations that subsist among our feelings, 
are divisible into four great sub-classos. 

Presentative cognitions ; or those in which conscionsness 
is occupied in localizing » sensation impressed on the 
organism—occupied, that is, with the relation between this 
presented mental state and those other presented mental 
states which make up our consciousness of the part affected: 
a8 whon we cut ourselves. 

Presentative-representative cognitions ¢ or those in which 
consciousness is occupied with the relation between a senza- 
tion or group of sensations and the representations of those 
various other sensations that accompany it in experience. 
This is what we commonly call perception—an act in which, 
along with certain impressions presented to consciousness, 
there arise in consciousness the ideas of certain other im- 
pressions ordinarily connected with tho presented onca: as 
when its visible form and colour, lead us to mentally endow 
an orange with all its other attributes. 

Representative cognitions ; or those in which consciousness 
is ocenpied with the relations among ideas or represented 
sensations ; a8 in all acts of recollection. 

Re-representative cognitions; or those in which the 
cccupation of consciousness is not by representation of 
special relations that have before been presented to con- 
sciousness; but those in which such represented special 
relations are thought of merely as comprehended in a 
general relation—thoso in which tho concrete relations 
once experienced, in so far as they become objects of con- 
scionsness nt all, are incidentally represented, along with 
the abstract relation which formulates them. The ideas 
resulting from this abstraction, do not themselves represend 
actual experiences; but are symbols which stand for groups 
of each actual oxperiences—represeut aggregates of repre- 
sentations, And thus they may be called re-reprosentative 
cognitions. It is cloar that the process of re-representa- 
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tion is carried to higher stages, as the thought becomes: 
more abstract, 

Ferttxos, or those modes of mind in which we are 
occnpied, not with the relations subsisting betwoen our 
sentient states, but with the sentiont states themselves, are 
divisible into four parallel sub-classes, 

Preventative feelings, ordinarily called sensations, are 
those mental states in which, instead of regarding a corpo- 
real impression as of this or that kind, or as located here or 
there, we contemplate it in itself o9 pleasure or pain; as 
when eating. 

Prosontative-representative feclinge, embracing a great part 
of what we commonly cull cmotions, are those in which a 
sensation, or group of sensations, or group of sengations and 
ideas, arouses a vast aggregation of represented sensntions ; 
partly of individual experience, but chiefly deeper than 
individual experience, and, consequently, indefinite. The 
emotion of terror may serve as an cxample. Along with 
certain impressions made on the eyes or ears, or both, are 
recalled in consciousness many of the pains to which sack 
impressions have before been the antecedents; and when 
the relation between such impressions and. euch pain has 

* been habitual in the race, the definite ideas of such pains 
which individual experience has given, are accompanied by 
the indefinite pains that resalt from inherited effects of 
exporionces—yague feclings which we may call organic 
representations. In an infant, crying at a strange sight or 
sound while yot in the narso’s arms, we see these organic 
representations called into existence in the shape of dim 
discomfort, to which individual exporienco has yet given no 
=pceific outlines. 

Hepresentative feelings, comprehending the ideas of the 
feelings above classed, whon they are called up apart from 
the appropriate external oxcitements. As instances of 
these may bo named the feelings with which the de- 
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scriptive poet writes, and which are aroused in the minds 
of his readers. 

Re-representative feelings, ander which head are included 
thoso more complex sentient states that are loss the direct 
results of external oxcitomonts than tho indirect or roflox 
results of thom. The love of property is a feeling of this 
kind. It is awakened not by the presence of any special 
object, but by ownable objects at large ; and it is not from 
the mere presence of such object, but from a certain ideal 
relation to them, that it arises, As before shown (p. 253) 
it consists, not of the represented advantages of possess- 
ing this or that, but of tho represented advantages of 
possession in general—is not made up of certain conereto 
ropresentations, but of tho abstracts of many concrete 
representations ; and so is re-representative. The higher 
sentiments, as that of justice, are still more completely of 
this nature. Here the sentient state is compounded ont 
of sentient states that are themselves wholly, or almost 
wholly, re-representative: it involves representations of 
those lower emotions which are produced by the possession 
of property, by freedom of action, ete.; and thus is ro- 
representative in a highor degree, 

‘This classification, here roughly indicated and capable 
of further expansion, will be found in harmony with the 
results of dotailed analysis aided by development. Whether 
we trace mental progression through the grades of the 
animal kingdom, through the grades of mankind, or through 
the stages of individual growth; it is obvious that the 
advance, alike in cognitions and feclings, is, and must bo, 
from tho presentative to the more and more remotely ropre- 
sentative. It is undeniable that intelligence ascends from 
those simple perceptions in which consciousness is occupied 
in localizing and classifying sensations, to perceptions more 
and more compound, to simple reasoning, to reasoning 
more and more complex and abstract—more and more 
remote from sensation. And in the evolution of foclings, 
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there is a parallel series of steps, Simple sensations; sen- 
sations combined together ; sensations combined with repro= 
sented sensations; represented sensations organized into 
groups, in which their separate characters are very much 
morged; representations of these representative groups, im 
which the original components have become still more 
vague. In both cases, the progress has necessarily beon 
from the simple and concrete to the complex and abstract ; 
and ag with the cognitions, so with the feelings, this must 
be the basis of classification. 

‘The space here occupied with criticisms on Mr. Bain’s 
work, we might have filled with exposition and eulogy, had 
we thought this the more important. Though we have 
freely pointed out what we conceive to be its defects, let it 
not be inferred that we question its great merits. Wo 
repeat that, 80 natural history of the mind, we believait to 
be the best yet produced. It is a most valuable collection 
of carefully-elaborated materials. Perhaps we cannot 
Letter express our sense of its worth, than by saying that, 
to those who hereafter give to this branch of Psychology 
® thoroughly scientific organization, Mr, Bain’s book will 
be indisponeable. 





THE SOCIAL ORGANISM, 


[First published in The Westminster Roview for January, 1800.) 


Sts James Macixtosa got great credit for the saying, that 
* constitutions are not made, but grow.” In our day, the 
moet significant thing about this saying is, that ib was ever 
thought so significant. As from tho surprise displayed by 
9 man at some familiar fact, you may judge of his general 
culture; so from the admiration which an age accords to a 
new thought, ita average degree of enlightenment may be 
inferred. That this apophthegm of Macintosh should have 
been quoted and requoted as it has, shows how profound 
has been the ignorance of social science. A small ray of 
truth has scemed brilliant, as a distant rushlight looks like 
o star in tho surrounding darkness. 

Such * conception could not, indeed, fail to be startling 
whon lot fall in the midst of a system of thought to which 
it was utterly alien. Universally in Macintosh’s day, 
things were explained on the hypothesis of manufacture, 
rather than that of growth; as indeed they are, by the 
majority, in our own day. It was held that the planets 
were severally projected round the Sun from tho Creator's 
hand, with just the velocity required to balance the Sun's 
attraction. The formation of the Earth, the separation of 
soa from land, tho production of animals, were mechanical 
works from which God rested as a labourer rests. Man 
was supposed to be moulded after » manner somewhat 
ekin to that in which a modeller makes a clay-figure. And 


i 
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of course, in harmony with such ideas, societies were tacitly 
agsnmoed to be arranged thus or thus by direct interposition 
of Providence; or by the regulations of law-makere; or 
by both. 

Yet that societies are not artificially put together, ia a 
truth so manifest, that it seems wonderful men should ever 
have overlooked it. Perhaps nothing more clearly shows 
the small value of historical studies, as they have been 
commonly pursued. You need but to look at the changes 
going on around, or observe social organization in its Ieud= 
ing traits, to seo that these are neither supernatural, nor 
are determined by the wille of individual men, as by 
implicution the older historians teach; bat aro consequent 
| on general natoral causes. The one case of the division of 

labour suffices to prove this. It has not been by command 

of avy ruler that some men have becoum manufacturers, 
while others have remained cultivators of the soil. In 

Lancashire, millions have devoted themselves to the making 

of cotton-fabrics; in Yorkshire, another million lives by 

producing woollens; and the pottory of Staffordshire, the 
cutlory of Shoflield, the hardware of Birmingham, severally 
occupy their hundreds of thousands. These are large facts 
in the strocture of English society; but we can ascribo 
thom neither to miracle, nor to legislation. It is not by 
“the hero as king,” any more than by “collective wisdom,” 
that men have been segregated into producers, wholesale 
distributors, and retail distributors. Our industrial orga- 
nization, from its main outlines down to its minutest dotails, 
has become what it is, nob simply without legislative guid- 
ance, but, to s considorablo oxtont, in spite of logislative 
hindrances. It has arisen under tho prossure of human 
wants and resulting activities. While each citizen has 

Deen pursuing his individual welfare, and none taking 

thought about division of labour, or conscious of the need 

of it) division of labour has yet been ever becoming more 
complete, It has been doing this slowly aud silently: fow 
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having observed it until quite modern times, By stops 80 
small, that year after year the industrial arrangements 
have seemed just whut they were before—by changes ax 
insensible as those through which # seed passes into a tree; 
society has become the complex body of mutually-dependent 
workers which wo now see, And this economic organiza- 
tion, mark, is the all-essential organization. Through the 
combination thus spontancously evolved, every citizen i 
supplied with daily necessaries; while he yields some 
product or aid to others, That we are severally alive to-day, 
wo owe to the regular working of this combination during 
the past week ; and could it be suddenly abolished, multi- 
tudes would be dead before another week ended. If these 
most conspicuous and vital arrangements of our social 
structure have arisen not by the devising of any one, but 
through the individual efforts of citizens to satisfy their 
own wants; we may be tolerably certain that tho lees 
important arrangements havo similarly arison. 

“But sorely,” it will be said, “the social changes 
directly produced by Inw, cannot be classed as spontaneous 
growths, When parliaments or kings order this or that 
thing to be done, and appoint officials to do it, the process 
is clearly artificial; and society to this extent becomes a 
manufacture rather than a growth.” No, not even these 
changes nre exceptions, if they bo real and permonenb 
changes. The true sources of auch changes lie deeper than 
the acts of legislators. To take first the simplest instance. 
‘We all know that the enactments of representative govern- 
ments ultinately depend on the national will: they may 
for a time be out of harmony with it, but eventually they 
must conform to it. And to say that the national will 
finally determines them, is to say that they result from the 
average of individual dosires; or, in other words—from 
the average of individual natures, A Jaw 80 initiated, 
therefore, really grows out of the popular character. In 
the case of a Government representing a dominant clase, 





the same thing holds, thongh not xo manifestly. For the 
very existence of a class monopolizing all power, is due to 
certain sentiments in the commonalty. Without the feeling 
of loyalty on the part of retainers, a foudal system could 
not oxist. Wo see in the protest of the Highlanders 
against the abolition of heritable jurisdictions, that they 
preferred that kind of local rale. And if to the popular 
nature must be ascribed the growth of an irresponsible 
roling class; then to the popular nature must be ascribed 
the social arrangements which that class creates in the 
pursuit of its own ends. Even where the Government is 
despotic, the doctrine still holds. ‘The character of the 
people is, ns before, the original source of this political 
form; and, a3 wo have abundant proof, othor forma 
suddenly created will not act, but rapidly retrograde to the 
old form. Moreover, such regulations asm despot makes, 
if really operative, are so because of their fitness to the 
socinl state. His acts being very much swayed by general 
opinion—by precedent, by the feeling of his nobles, his 
priesthood, his army—are in part immediate results of tho 
national character; and when they are out of harmony with 
the national character, they are soon practically abrogated. 
Tho failure of Cromwell permanently to establish a new 
social condition, and the rapid revival of suppressed insti- 
tutions and practices after his death, show how powerless 
isa monarch to change the type of the society he governs, 
He may disturb, he may retard, or he may aid the natural 
process of organization; but the general course of this 
process is beyond his control. Nay, more than this is true, 

| hoes who regard the histories of sociotics as the histories 
of their great mon, and think that those great men shape 

the fates of their eocieties, overlook the trath that such 

| gront men are the products of their societies. Without 
certain antecedents—without # certain average national 

|< gharcter, they neither could have been genemted nor 
* conld have had the culture which formed them. If their 
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society is to some extent re-moulded by them, they were, 
both before and after birth, moulded by their society— 
were the results of all those influences which fostered the 
ancestral character they inherited, and gave their own 
early biaa, their croed, morals, knowledge, aspirations. So 
that such social changes a3 are immediately traceable to 
individuals of unusual power, aro still remotely traceable 
to the social causes which produced these individuals; and 
hence, from the highest point of view, such social changos 
also, are parts of the general developmental process. 

Thus that which is so obviously trac of the industrial 
structure of society, is true of its whole structure. The 
fact that “ constitutions are nob made, but grow,” is eimply 
& fragment of the much larger fact, that under all ita 
aspecta and through all its ramifications, society is a 
growth and not a manufacture. 

a 

A perception that there exists some analogy between 
the body politic and o living individual body, was early 
reached; and has from timo to time re-appeared in litera~ 
ture, But this perception was necessarily vague and more 
or Jess fanciful. In tho absenco of physiological scionco, 
and especially of those comprehensive generalizations which 
it has but lately reached, it was impossible to discern the 
real parallolisms. 

The central idea of Plato’s model Republic, ix the corre- 
spondence between the parts of a society and the faculties 
of the human mind. Classifying these faculties under 
the heads of Reason, Will, and Passion, ho classifies the 
members of his ideal society under what ho regards as 
three analogous heads :—councillors, who are to exorcise 
government; military or executive, who aro to fulfil their 
behests; and the commonalty, bent on gain and selfish 
gratification, In other words, the ruler, the warrior, and 
the craftsman, are, according to him, the analogues of our 
reflective, volitional, and emotional powers. Now even 
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were there trath in the implied assumption of a parallelism 
between tho stracture of a society and that of » man, this 
classification would be indefensible. It might more traly 
‘be contended that, as the military power obeys the eom= 
mands of the Government, it is the Government which 
answers to the Will; while the military power is simply 
an agoncy set in motion by it. Or, again, it might bo 
contended that whereas the Will is a product of predom- 
inant desires, to which the Reason serves merely os an 
eye, it is the craftsmen, who, according to the alleged 
analogy, ought to be the moving power of the warriors. 

Hobbes songht to establish a still more definite parallelism: 
not, however, between a society and the human mind, but 
between @ society and the human body. In the introduc- 
tion to the work in which he develops this conception, 
he says— 

“For by art in erated that groat Lavurmax called a Cosmoxweateit, or 
Stars, in Latin Crertas, which is but an artiseial man; though of greater 
stature and strength than the natural, for whose protection and defence it 
‘was Intended, and in which the sovereignty is an artificial soul, as giving life 
and motion to the whole body ; the magistrater and other officers of judion= 
ture and execution, artificial joints; reward and punishment, by which, 
fastened to the seat of the sovercignty, every joint and member is moved to 
perform his duty, are the nerves, that do the same in the body natural; the 
wealth and riches of all tho particular membera are the strength; sobur 
opuil, tho people's safety, ite business; counsellers, by whom all things 
needful for it to know are suggested unto it, are the memory; equity and 
Jaws an artificial reason and will; concord, health ; sedition, sickness: and 
evil war, death.” 

And Hobbes carries this comparison so far as actually to 
give a drawing of the Leviathan—a vast human-shaped 
figure, whose body and limbs are made up of multitudes 
of men. Just noting that these different analogies asserted 
by Plato and Hobbes, serve to cancel each other (being, 
as they are, 80 completely at variance), wo may say that 
on the whole those of Hobbes are the more plausible. 
But they are fall of inconsistencies. If the sovereignty 
is the soul of the body-politic, how can it be that magis- 
trates, who are a kind of deputy-sovereigns, should be 
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comparable to joints? Or, again, how can the three 
mental functions, memory, reason, and will, be severally 
analogous, the first to counsellors, who are a class of public 
officers, and the other two to equity and laws, which are 
not classes of officers, but abstractions? Or, once more, 
if magistratca are the artificial joints of society, how can 
reward and punishment be its nerves? Its norves must 
surely be some class of persona. Reward and punishment 
must in socioties, as in individuals, be conditions of the 
nerves, and not the nerves themselves. 

But the chief errors of these compurisons made by Plato 
and Hobbes, lie much deeper. Both thinkers assume that 
the organization of a society is comparable, not simply to 
the organization of a living body in general, but to the 
organization of the human body in particular. There is 
no warrant whatever for assuming thie. It ia in no way 
implied by the evidence; and is simply one of these 
fancies which we commonly find mixed up with the traths 
of early speculation. Still more erroneous are the two 
conceptions in this, that they construe « socicty as an 
artificial structure. Plato’s model republic—his ideal of a 
healthful body-politic—is to be consciously put together 
by men, just as a watch might be; and Plato manifestly 
thinks of socictios im genoral as thus originated. Quite 
specifically doos Hobbes express a like view. “For by 
art,” he says, “is created that great Levrarnmix called a 
Coumoxwraurn,” And he even goes so far ns to compare 
the supposed social contract, from which a society suddenly 
originates, to the creation of » man by the divine fiat. 
Thus they both fall into the extreme inconsistency of con- 
sidering s community aa similar in structure to a human 
boing, and yet as produced in the same way as an artificial 
mechanism—in nature, an organism ; in history, a machine, 

Notwithstanding errors, however, these speculations have 
considerable significance. ‘That such likenesses, crudely as 
they are thought out, should have been alleged by Plato 
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and Hobbes and others, is a reason for suspecting that 
some analogy exists. The untensblencss of the particular 
parallelisms above instanced, is no ground for denying an 
essential parallelism; since early ideas are usually bub 
yague adumbrations of the truth, Lacking the great 
generalizations of biology, it was, as we have said, impos 
sible to trace out the real relations of social organizations 
to orgunizations of another order. We propose here to show 
what are the analogies which modern science discloses. 


Let us set ont by saccinctly stating the points of simi- 
larity and tho points of difference, Sucieties agreo with 
individual organisms in four conspicuous peculiarities :— 

1. That commoncing os small aggregations, thoy 
inzevsibly augment in masa: some of them eventually 
reuching ten thousand times what they originally were. 

2. That while at first so simple in structure as to be cons 
sidered structureless, they assume, in the course of their 
growth, @ continually-increasing complexity of structure. 

3. That though in their carly, undeveloped states, there 
exists in them scarcely any mutual dependence of parts, 
their parts gradually acquire a mutual dependence; which 
becomes at lust so great, that the activity and life of each 
part is made possible only by the netivity and life of the rest. 

4. That the life of a society is independent of, and far 
more prolonged than, the lives of any of its component 
unit; who are severally born, grow, work, reproduce, and 
die, while the body-politic composed of thom survives 
generation after generation, increasing in mass, in com- 
pleteness of structure, and in functional activity. 

‘These four parallelisms will appear the more significant 
the more we contemplate them. While the points specified, 
are points in which societies agree with individual organ- 
isms, they are also points in which individual organisms 
agree with one another, and disagres with oll things else. 
Tn tho courso of its oxistenco, every plant and animal 
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increases in mass, in w way not paralleled by inorganic 
objects: even such inorganic objects as crystals, which 
arise by growth, show us no such definite relation between 
growth and existence os organisms do. ‘Tho orderly 
progress from aimplicity to complexity, displayed by 
bodies-politic in common with living bodies, is a charac 
teristic which distinguishes living bodies from the inanimate 
Doiies-amnid which they move. That functional depend 
ence of parts, which is scarcely more manifest in animala 
than in nations, has no counterpart elsewhere, And in 
no aggregate except an organic or a social ono, is there 
& perpetnal removal and replacement of parts, joined 
with o continued integrity of the whole. Moreover, socicties 
and organisms are not only alike in theso peculiarities, in 
which they are unlike all other things; but the highest 
societies, like the highest organisms, exhibit thom in the 
greatest degree. We see that the lowest animals do not 
incrense to anything like the sizes of the bigher ones; and, 
similarly, we see that aboriginal societies are comparatively 
limited in their growths. In complexity, our lange civilized 
nations as mach exceed primitive savage tribes, as a 
mammal does a zoophyte. Simple communities, likesimple 
creatures, have so little mutual dependence of parts, that 
soutilation or subdivision causes but little inconvenience; 
but from complex communities, aa from complex creatures, 
yon cannot remove any considerable organ without pro- 
ducing great disturbance or death of the rest, And in 
societies of low type, as in inferior animals, the life of 
the aggregate, often cnt short by division or dissolution, 
exceeds in length the lives of tho component units, very 
far less than in civilized communities and superior animals; 
which outlive many generations of their component units. 

On the other hand, the leading differences between 
societies and individual organisms are these >— 

1. That societies have no specific external forms. This, 
however, is » point of contrast which loses much of its 
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importance, when we remember that throaghout the 
vogotal kingdom, as well ag in some lower divisions of the 
animal kingdom, the forms are often very indofinite— 
definiteness being rather the exception than the rule; and 
that thoy aro manifostly in part determined by surrounding 
physical circumstances, as the forms of societies are. Tf, 
too, it should eventually bo shown, as we believe it will, 
that the form of every species of organism has resulted 
from the average play of the external forces to which it 
has been subjoct daring its ovolution ng a species ; then, that 
the external forme of eocieties ghould depend, as they do, on 
surrounding conditions, will be a furthor point of community. 

2. That though the living tissue whereof an individual 
organism consists, forms a continuous mass, the living 
elements of a society do not forma continaons masa; bat 
are more or less widely dispersed over some portion of the 
Earth's surface, This, which at first sight appears to be 
an absolute distinction, is one which yet to a great extent 
fades when we contemplate all the facts. For, in the lower 
divisions of the animal and vegetal kingdoms, there are 
types of organization mach more nearly allied, in this 
respect, to the organization of a society, than might be 
supposed—types in which the living units essentially come 
posing the mass, are dispersed through an inert substance, 
that can scarcely be called living in the full senso of the 
word. It is thus with some of the Protococei and with the 
Nostocerr, which exist as colls imbedded in a viscid mattor, 
Tt is a0, too, with tho Thalaseicolla—bodies mado up of 
differentiated parts, dispersed through an undifferentiated 
jelly. And thronghout considerable portions of their 
bodies, some of the Acalephe exhibit more or less this type 
of structure. Now thisis very much the case with n society. 
Por we must remember that though the men who make up 
® society are physically separate, and even scattered, yet 
the surfaco over which they are scattered is not one devoid 
of life, but is covered by life of a lower order which 
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ministera to their life. The vegetation which clothes a 
country makes possible the animal life in that country; and 
only through its animal and vegetal products can such a 
country support « socicty. Hence the members of the 
body-politic are not to be rogorded as separated by 
intervals of dead apace, but aa diffused through o spaco 
occupied by life of a lower order. In our conception of a 
social organism, wo must include all that lower organic 
existence on which human existence, and therefore social 
existence, depend. And when we do this, we see that the 
citizens who make up & community may be considered us 
highly vitalized units surrounded by substances of lower 
vitality, from which they draw their nutriment: much as 
in the cases above instanced. 

%. Tho third difforence is that while the ultimate living 
elements of an individual organism are mostly fixed in 
thoir relative positions, those of the social organism aro 
capable of moving from place to place. But here, too, the 
disagreement ix much less than would be supposed. For 
while citizens are locomotive in their private capacities, 
they are fixed in their public capacities. As farmers, 
manufactarors, or traders, men carry on their businesses 
at the same spots, often throughout their whole lives; and 
if they go away occasionally, they leave behind others to 
dischargo their functions in their absence. Hach great 
centre of production, each manofacturing town or district, 
continues always in the same place; and many of the firms 
in such town or district, are for generations carried on 
either by the descendants or successors of those who 
founded them, Just os in a living body, the cells that 
make up some important organ severally perforin their 
fanctions for a time and then disappear, leaving othere to 
supply their places ; #0, in cach part of a society the organ 
remains, though the persons who compose itchange. Thus, 
in social life, ux in the life of an animal, the units as well 
as the larger agencies formed of them, are in the main 
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stationary as respects the places whers they discharge their 
duties and obtain their sustenance. And hence the power 
of individual locomotion does not practically affect the 
analogy. 

4. The last and perhaps the most important distinction 
is, that while in the body of an animal only a special tissue 
is endowed with fooling, in a socioty all the members aro 
endowed with feeling. Even this distinotion, however, in 
notacomplete one. For in some of the lowest animals, 
characterized by the absence of a nervous system, such 
sensitiveness as exists is possessed by all parts. It is only 
in the more organized forms that feeling is monopolized by 
one class of the vital elements. And we must remember 
that socictics, too, are not without a certain differentintion 
of this kind. ‘Though the units of a community are all 
sensitive, they are 20 in unequal degrees. The classes 
engaged in luborions occupations are less susceptible, 
intellectually and emotionally, than the rest; and especially 
less xo than the classes of highest mental culture. Still, we 
have bere a tolerably decided contrast between bodies- 
politic and individual bodies; and it is one which we 
should keep constantly in view. For it reminds us that 
while, im individual bodies, the welfare of all other parta is 
rightly subservient to the welfare of the nervous system, 
whose plensurable or painful activities make up the good 
or ill of life; in bodies-politie the same thing does not 
hold, or holds to bub a very slight extent. It is well that 
the lives of all ports of an animal should be merged in the 
life of the whole, because the whole bas a corporate con= 
sciousness capable of happiness or misery. But it is not so 
with a society; since its living unita do not and cannot 
loge individual consciousness, and since tho community as 
whole bas no corporate consciousness. This isan overlast- 
ing reason why the wolfaros of citizens cannot rightly be 
sacrificed to some supposed benefit of the State, and why, 
on the other hand, the State is to be maintained solely 
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for the benefit of citizens. Tho corpornto lifo must here 
be snbservient to the lives of the parts, instead of the lives 
of the parts being subservient to the corporate life. 

Such, then, are the points of analogy and the points of 
difference. May we not say that the points of difference 
nerve but to bring into clearer light the points of analogy ? 
While comparigcon makes dofinite the obvious contrasts 
between organizms commonly #0 called, and the social 
organism, it shows that oven these contrasta aro not 20 
decided as was to be expected. The indefiniteness of form, 
the discontinnity of the parts, and the universal sensitive- 
ness, ara not only peculiarities of the social organism which 
have to be stated with considerable qualifications; but they 
are peculiarities to which the inferior classes of animals 
present approximations. Thns we find but little to conflict 
‘with tho all-important analogics, Socioties slowly augment 
in mags; they progress in complexity of etructare; at the 
samo timo their parts become more mutually dependent; 
their living units are removed and replaced withont 
dostroying their integrity; and the extents to which they 
display these peculiarities are proportionate to their vital 
activities. These are traits that societies have in common 
with organic bodies. And theso traits in which they agreo 
with organic bodies and disagree with all other things, 
entirely subordinate the minor distinctions: euch distine- 
tions being scarcely groator than thoso which separate ono 
half of the organic kingdom from the other. ‘The principle 
of organization are the same, und the differences are simply 
differences of application. 

Here ending this general survey of the facts which 
justify tho comparison of a society with a living body, let us 
look at them in detail. Wo shail find that the parallelism 
becomes the more marked the more closely it is examined. 


‘The lowest animal and vegetal forms—Prolowa and 
Protophyta—are chiefly inhabitants of the water. They 
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ere minute bodies, most of which aro made individually 
visible only by the microscope. Al] of them are extremely 
simple in structure, and some of them, ax the Rhizopods, 
almost stractureless. Multiplying, as they ordinarily do, 
by the spontaneous division of their bodies, they produce 
halves which may cither become quite separate and move 
away in different directions, or may continue attached. By 
the repotition of thie process of fission, aggregations of 
various sizes and kinds are formed. Among the Protophyta 
we have some classes, as the Diatomacem and the Yenat- 
plant, in which the individuals may be either separate or 
attached in groups of two, three, four, or more; other 
classes in which a considerable number of cells are united 
into a throad (Conforva, Monilia) ; others in which they 
form a network (Hydrodictyon) ; others in which they form 
plates (Ulva); and others in which they form masses 
(Laminaria, Agaricus): all which vegetal forms, having no 
distinction of root, stem, or leaf, are called Thallogens. 
Among the Protozoa we find parallel facts. Immense 
numbers of Amaba-like creatures, massed together in a 
framework of horny fibres, constitute Sponge. In the 
Foraminifera we seo smaller groups of such creatures 
arranged into more definite shapes. Not only do these 
almost structureless Protozoa unite into re, orirrogular 
aggregations of various sizes, but among some of the more 
organized ones, as the Vorticell@, there are wlso produced 
clusters of individuals united to a common stem. But 
these little societies of monada, or cells, or whatever else 
‘wo may call them, are societies only in the lowest sense: 
there is no subordination of parts among them—no organiz~ 
ution. Bach of the component units lives by and for itself; 
neither giving nor receiving sid. ‘The only mutual depend 
ence is that consequent on mechanical union. 

Do we nob here discern analogies to the first stages of 
human societica? Among the loweet races, as the Bushmen, 
we find bat incipient aggrogation: sometimes single 
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families, sometimes two or threo familios wandering about 
together. The number of aseociated units is small and 
variablo, and thoir union inconstant. No division of labour 
exists except between the sexes, and the only kind of 
mutual aid is that of joint attack or defence. We see an 
undifferentiated group of individuals, forming the germ 
of w society ; just as in the homogeneous groups of cells 
above described, wo see the initial stage of animal and 
vegetal organization. 

‘ho comparison may now be carried a stop higher. In 
the vogotal kingdom we pass from the Thallogens, consist- 
ing of mere masses of similar cells, to the Acrogens, in 
which tho cells are not similar throughout the whole mass ; 
bat are here aggregated into a structure serving as leaf 
and there into a structure serving as root; thus forming a 
whole in which there is a certain subdivision of functions 
among the units, and therefore a certain mutual depend- 
ence. In the animal kingdom wo find analogous progress. 
From moro unorganized groups of cols, or cell-like bodies, 
we ascend to groups of such cells arranged into parts that 
have different duties. The common Polype, from the 
substance of which may be separated cells that exhibit, 
when detached, appexrances and movements like those of « 
solitary Amaba, illustrates this stage. The component units, 
though still showing great community of character, assume 
somewhat diverse functions in tho alin, in the internal 
surface, and in the tentacles, There ia a certain amount 
of “ physiological division of labour.” 

Tarning to sociotios, we find these stages paralleled in 
most aboriginal tribes. When, instead of such small 
variable groups as are formed by Bushmen, we come to 
the larger and more permanent groups formed by savages 
not quite so low, wo find traces of social structure, Though 
industrial organization ecarcely shows itself, except in the 
ifferent occupations of the sexes; yet there is more or 
less of governmental organization. While all the mon axa 

at 
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warriors and hunters, only a part of them are included in 
the conneil of chiefs; and in this council of chiefs some 
one has commonly supreme authority. There is thus a 
certain distinction of classes and powers; and through 
this slight specialization of functions is effected w rude 
co-operation among the increasing mass of individuals, 
whenever the society has to act in its corporate capacity. 
Boyond this onnlogy in the slight oxtent to which organiza- 
tion is carried, there is analogy in tho indefiniteness of 
tho organization. In the Hydra, the respective parts of 
the creaturo’s substance hare many functions in common,’ 
They are all contractile ; omitting the tentacles, the whole 
of the external surface can give origin to young hydra; 
and, when turned inside out, stomach performs the daties 
of skin and skin tho duties of stomach. In aboriginal 
societios such difforontiations as oxist aro similarly impor- 
foct. Notwithstanding distinctions of rank, all persons 
maintain themselves by their own exertions. Not only 
do the head men of the tribe, in common with the rest, 
build their own huts, make their own weapons, kill their 
own food; but the chief docs the like. Moreover, such 
governmental organization as exists is inconstant. It is 
frequently changed by violence or treachery, and the 
function of ruling assumed by some other warrior, Thus 
between the rudest societies and some of the lowest forms 
of animal life, there is analogy alike in the slight extent 
to which organization is carried, in the indefiniteness of 


“this organization, and in its want of fixity. 


A farther complication of the analogy is at hand. From 
the aggregation of units into organized groups, we pass to 
tho multiplication of such groups, and their coalescence 
into compound groups. The Hydra, when it has reached 
a certain bulk, puts forth from its surface a bud which, 
growing and gradually assuming the form of the parent, 
jinally becomes detached; and by this process of gem- 
mation tho creature peoples the adjacent water with others 





like itaolf. A parallel process is acen in the multiplication 
of those lowly-organized tribes above described. When 
one of them has increased to a sizo that is either too great 
for co-ordination under so rade a structure, or else that is 
greater than the surrounding country can supply with 
game and other wild food, there arises a tendency to 
divide; and as in such communities there often occur 
quarrels, jealousies, and othor causes of division, there 
goon comes an occasion on which a part of the tribe sep- 
arates under the leadership of some subordinate chief and 
migrates. This process being from time to time repeated, 
an extensive region is at length ocenpied by nnmerons 
tribes descended from a common ancestry. The analogy 
by no means ends here. Though in the common Hydra 
the young ones that bud ont from the parent soon become 
detached and independent ; yet throurhout the rest of the 
class Hydrozoa, to which this creature belongs, tho like 
does not generally happen, The successive individuals 
thus developed continue attached; give origin to other 
such individuals which also continue attached; and so 
there results a compound animal. As in the Hydra itself 
we find an aggregation of units which, considered separ- 
ately, are akin to the lowest Profocoa; so here, in & 
Zoophyte, wo find an aggregation of such aggregations. 
The like is also scon thronghout the extensive family of 
Polyzoa or Mollusecida, The Aacidian Molluska, too, in 
their many forms, show us tho snmo thing: oxhibiting, at 
the same time, various degrees of union among the com- 
ponent individuals, Tor while in the Salpa the component 
individuals adhere so slightly that a blow on the vessel of 
water in which they are floating will separate them; in the 
Botryltides there exist vascular connexions among them, 
and a common circulation, Now in these differont stages 
of aggregation, may we not sce paralleled the union of 
groups of connate tribes into nations? Though, in regions 
whore circumstances permit, the tribes desconded frow 
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some original tribo migrate in all directions, and becomo 
far removed and quite separate; yet, where the it 
prosents barriers to distant migration, this does not bappen: 
the small kindred communities are held in closer contact, 
and eventually become more or less united into a nation. 
‘The contrast between the tribes of American Indians and 
the Scottish clans, illustrates this. And a glance at our 
own carly history, or the early histories of continental 
nations, shows this fusion of small simple communities 
taking place in various ways and to various extents, As 
says M. Gnizot, in his History of the Origin of Repre- 
sentative Government,— 

+ Ty degrees, in the midst of the chacs of the rising sooiaty, amall ageregs= 
tions are formed which foal the want of alliance and tnion with exch other, 
+ + + Soon inequality of strength is displayed among neighbouring 

‘The strong tend to subjugate the weak, and usurp at first the 
rights of taxation and military service. Thus polities! anthority leaves the 
‘aggregations which first instituted it, to take a wider range.” 

‘That is to say, the small tribes, clans, or feudal groups, 
sprung mostly from a common stock, and long held in con 
tact as occupants of adjacent lands, gradually get united in 
other ways than by kinship and proximity. 

A further series of changes begins now to take place, 
to which, as before, we find analogies in individual organ- 
isms. Returning to the Hydyoroa, we observe that in tho 
simplest of tho compound forms the connected individuals 
sre alike in structure, and perform like functions; with 
the exception that here and there a bud, instead of 
developing into.a stomach, mouth, and tentacles, becomes 
gu egg-sac. But with the oceanic Hydrozoa this is by no 
moepns tho case. In the Ualycophoride some of the polypes 
growing from the pommon germ, become developed and 
modified into largo, long, sack-like bodies, which, by their 
rhythmical contractions, move through the water, dragging 
the community of polypes aftorthem. In the Physophorida 
8 variety of organs similarly arise by transformation of the 
budding polypes; so that in creatures like the Physalia, 
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commonly known as the “ Portuguese Man-of-war,” instead 
of that troo-like group of similar individuals forming the 
original type, we have a complex masa of unlike parts 
fulfilling unlike daties, As an individual Hydra may be 
regarded as a group of Protozoa which have become par- 
tially metamorphosed into different organs; so a Physalia 
is, morphologically considered, a group of Hydra of which 
the individuals have been variously transformed to fit them 
for various functions. 

This differentiation upon differentiation is just what 
takes place during the evolution of a civilized socioty. We 
observed how, in the emall communities first formed, there 
arisos a simple political organization: there is m partial 
separation of classes having different duties. And now we 
have to observe how, in a nation formed by the fusion of 
such small communities, the several sections, at first alike 
in steactures and modes of activity, grow unlike in both— 
gradually become mutunlly-depondent parts, diverse in 
their natures and functions. 


The doctrine of the progressive division of Isbour, to 
which we are here introduced, is familiar to all readera. 
And further, the analogy between the economical aivision 
of Inbour and the “ physiological division of labour,” is so 
striking as long since to have drawn the aienkical of 
scientific naturalists: so striking, indeed, that tho expres- 
sion “ physiological division of labour,” bas been suggested 
by it. It is not needful, therefore, to treat this part of the 
subject in grent detail. We shall content ourselvos with 
noting # few general and significant facts, not manifest. on 
‘a first inspection. 

Throughout the wholo animal kingdom, from the Colen= 
terata upwards, tho first atago of ovolution is the sama, 
Equally in the germ of o polype and in the homan orum, 
the aggregated mass of cells ont of which the creaturo is to 
arise, gives origin to » peripheral layer of cella, slightly 
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differing from tho rost which they include; and this layer 
subsequently divides into two—the inner, lying in contact 
with the incloded yell, being callod the mncons layer, and 
the onter, exposed to surrounding agencies, being called the 
serous layer: or, in the terms used by Prof. Huxloy, in 
describing the development of the Tydroroa—the endoderm 
and ectoderm, This primary division marks out a funda- 
mental contrast of parts in the future organism. From the 
mucous layer, or endoderm, is developed the apparatus of 
nutrition; while from the scrous layor, or ectoderm, is 
developed the apparatus of external action. Out of the 
‘ono arise tho organs by which food ia prepared and 
absorbed, oxygen imbibed, and blood purified; while out 
of the other arise the nervous, muscular, and osseous 
‘systems, by the combined actions of which the movements 
of the body as a whole are effected. Though this is not a 
rigorously-correct distinction, seeing that some organs 
involye both of these primitive membranes, yet high 
authorities agreo in stating it as m broad general distinc 
tion. Well, in the evolution of a society, we see a primary 
Aifforontiation of analogous kind, which similarly underlies 
tke whole futore structure. As already pointed ont, the 
only manifest contrast of parts in primitive societies, ix 
that between the governing and the governed. In the 
least organized tribes, the council of chiefs may be a 
body of men distinguished simply by greater courage or 
experionce. In more organized tribes, the chief-class is 
definitely separated from the lover clase, and ofton regarded 
ns difforent in naturo—sometimos as god-doecended. And 
lator, we find these two becoming respectively freemon and 
slaves, or nobles and serfs. A glance nt their respective 
functions, makes it obvious that the great divisions thus 
early formed, stand to each other in a relation similar to 
that in which tho primary divisions of the embryo stand to 
each other. For, from its first appearance, the warrior- 
class, headed by chiefs, is that by which the external acts 
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of tho society are carried on: alike in war, in negotiation, 
and in migration. Afterwards, while this upper class grows 
distinct from the lower, and at the ame time becomes 
more and moro oxclusively regulative and defensive in its 
fanctions, alike in the peraons of kings and subordinate 
rulers, priests, and soldiers; the inferior class becomes 
more and more exclusively oceupied in providing the neces- 
saries of life for the community at large. From the soil, 
with which it comes in most direct contact, the mass of the 
people takes up, aad prepares for use, the food and such 
rude articles of manufacture as are known; whilo tho 
overlying mass of suporior mon, maintained by the 
working population, deals with circumstances external to 
the commnnity—circumstances with which, by position, 
it is more immediately concerned. Ceasing by-and-by to 
have any knowledge of, or power over, the concerns of the 
society as a whole, the serf-class becomes devoted to the 
processes of alimentation; while the noble class, ceasing 
to take any part in the processes of alimentation, becomes 
devoted to the co-ordinated movements of the entire 
body-politic. 

Equally remarkable is a furthor analogy of like kind. 
After the mucous and serous layers of the embryo hare 
separated, there presently arises between the two a third, ” 
known to physiologists as the vascular layer—a lnyer out of 
which are developed the chief blood-vessels. The mucous 
Inyer absorbs nutriment from the mass of yelk it encloses ; 
this nutriment has to be traneferred to the overlying scrous 
layer, out of which the nervo-muscular system is being 
developed ; and betweon the two arises a vascular system 
Dy which the transfer is effected—n system of vessols which 
continues ever after to be the transferrer of nutriment 
from the places where it is absorbed and prepared, to the 
places where it is needed for growth and repair. Well, 
may wo nob trace a parullel etep in social progress? 
Between the governing and the governed, thero at first 
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Jong remains industrially the same as the inferior class; 
jost as in a Hydra, the property of contractility is possessed 
by the units of the endoderm as well as by those of the 
ectoderm. We noted also how, as the society advanced, 
the two great primitive classes partook less and less of 
each other's functions. And we have here to remark 
that all subsequent specializations are at first vague 
and gradually become distinct, “In the infancy of 
society,” says M. Guizot, “everything is confused and 
‘uncertain; there is as yet no fixed and precise line of 
demarcation between the different powers in a state.” 
“Originally kings lived like other landowners, on the 
incomes derived from their own private estates.” Nobles 
were petty kings; and kings only the most powerful 
nobles, Bishops were foudal lords and military leaders. Tho 
right of coining money was possessed by powerful subjects, 
and by the Church, as well as by the king. Every leading 
man exercised alike the functions of landowner, farmer, 
soldier, statesman, judge. Retainers were now soldiers, 
‘and now labonrers, aa the day required. Bat by degrees 
the Church has lost all civil jurisdiction; the State has 
‘exercised lesa and loss control over religious teaching ; the 
military class has grown a distinct one; handicrafts have 
concentrated in towns; and the spinning-wheels of scattered 
farmhouses, have disappeared before the machinery of 
manufacturing districts. Not only is all progress from the 

to the heterogencons, but, at the same time, 
it is from the indefinite to the definite, 

Another fact which should not be passed. over, is that in 
the evolution of a largo society out of a cluster of small 
ones, there is a gradual obliteration of the original lines of 
separation—a change to which, also, we may see analogies 
in living bodies, ‘The sub-kingdom Annulosa, furnishes 
good illustrations. Among the lower types the body con- 
sists of numerous segments that are alike in nearly every 
particular, Each has ita external ring; its pair of logs, 


\ \ * 





if the creature bus legs; its equal portion of intestine, or 
else its separate stomach; its equal portion of the great 
blood-ressel, or, in some cases, its separate hearb; its 
equal portion of the nervous cord; and, porhaps, its separate 
poir of ganglia. But in tho highost typos, as in the largo 
Crustacea, many of the segmenta are completely fused 
together; and tho internal organs are no longer uniformly 
repented in all the segments. Now the segments of which 
nations at first consist, lose their separate external and 
internal structures in a similar manner. In feudal times 
tho minor communities, governed by feudal lords, were 
scrorally organized in tho same rude way, and were held 
together only by the fealty of their respective rulers to a 
suzerain. But along with the growth of a central power, 
the demarcations of these local communities become 
relatively unimportant, and their separate organizations 
merge into the general organization. ‘The like is seen on a 
larger scale in the fusion of England, Wales, Scotland, 
and Ireland; and, on the Continent, in the coalescence of 
provinces into kingdoms. ven in the disappearance of 
Jnw-made divisions, the process is analogous. Among 
tho Anglo-Saxons, England was divided into tithings, 
hundreds, and counties: there were county-courts, courts 
of hundred, and courts of tithing. The courts of tithing 
disappeared first; then tho courts of hundred, which have, 
however, left traces; while the county-jurisdiction still 
exists. Chiefly, however, it is to be noted, that there 
eventually grows up an organization which has no reference 
to these original divisions, but traverses thom in various 
directions, as is the case in creatures belonging to the 
sub-kingdom just named ; and, further, that in both enses 
it is the sustaining organization which thus traverses old 
Doundaries, while, in both cases, it is the governmental, or 
co-ordinating organization in which the original boundaries 
eontinue traceable. Thus, in the highest Annulosa the 
exo-skeleton and the muscular system never lose all traces 
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of their primitive segmentation; but throughout a great 
part of the body, the contained viscera do not in the least 
conform to the external divisions. Similarly with a 
antion we sce that while, for governmental purposes, such 
divisions as counties and parishes still exist, the stractare 
developed for carrying on the nutrition of society wholly 
ignores those boundaries: our great cotton-manufacture 
epreads out of Lancashire into North Derbyshire; 
Leicestershire and Nottinghamshire have long divided 
the stocking-trado between them; one great centre for 
the production of iron and iron-goods, includes parts of 
Warwickshire, Staffordshire, und Worcestershire; and 
those various specializations of agricultare which have 
made different parts of England noted for different 
products, show no more respect to connty-boundaries than 
do our growing towns to the boundaries of parishes. 

If, after contemplating these mnnlogies of structure, wo 
inquire whothor there are any such analogies between the 
processes of organic change,*the answer is—yes. ‘Tho 
causes which lead to increase of bulk in any part of the 
body-politic, are of like nature with those which lead to 
increase of bulk in any part of an individual body, In 
both cases the antecedent is greater functional activity 
consequent on greater demand. Ench limb, visous, gland, 
or other member of an animal, is developed by exercise— 
by actively discharging the duties which the body at large 
requires of it; and similarly, any class of labourers or 
artisans, any manufactaring centre, or any official agency, 
begins to enlarge when the community devolves on it more 
work. In each case, too, growth has ita conditions and its 
limits. That any organ in # living being may grow by 
exercise, there needs a duc supply of blood. All action 
implies waste; blood brings tho materials for repair; and 
before there can be growth, the quantity of blood supplicd 
must be more than is requisite for repair, In a society 
it is the same. If to some district which elaborates for 





the community particular commodities—ssy the woollens 

of Yorkshire—there comes an augmented demand ; and if, 
in fulfilment of this demand, a certein expenditure and 
wear of the manufacturing organization are incurred; and 
if, in payment for the extra quantity of woollens sent away, 
there comes back only such quantity of commodities as 
replaces the expenditure, and makes good the waste of life 
and machinery; there can clearly be no growth. That 
there may be growth, the commodities obtained in return 
must be more than sufficient for these ends; and just in 
proportion as tho surplus is great will the growth be rapid. 
Whence it is manifest that what in commercial affairs we 
call profit, answers to the excess of nutrition oyer waste 
in a living body. Moreover, in both cases when the 
functional activity is high and the nutrition defective, 
there results not growth but decay. If im an animal, 
any organ is worked so hard that the channels which 
bring blood cannot furnish enough for repair, the organ 
dwindles: atrophy is ect up. And if in the body-politio, 
some part has been stimulated into great productivity, 
and cannot afterwards get paid for all its produce, cortain 
of its members become bankrupt, and it decrensos in size. 

One more parallelism to be here noted, is that the 
different parts of aw social organism, like the different parte 
of on individual organism, compete for nutriment; and 
severally obtain more or less of it according as they are 
discharging more or less duty. If a man’s brain be oyer- 
excited it abstracts blood from hia viscera and stops 
digestion; or digestion, actively going on, 80 affects the 
circulation through the brain as to cause drowsiness; or 
great muscular exertion determines such a quantity of 
blood to the limbs as to arrest digestion or cerebral 
action, as the cage may be. So, likewise, in a socioty, 
great activity im some one direction causes partial arrests 
of activity eleewhero by abstracting capital, that is 
commoditics: ms instance the way in which the 


‘THE GOCTAL ORGANTSN. 291 


sudden development of our milway-system hampered 
commercial operations; or the way in which the raising 
of a large military force temporarily stops the growth of 
Jeading industrios. 


‘The Inst fow paragraphs introduce the noxt division of 
our subject. Almost unawares we bave come apon the 
analogy which exists between the blood of a living hody 
and the circulating mass of commodities in the body-politic. 
We have now to trace out this analogy from its simplest 
to its most complex manifestations. 

In the lowest animals there exists no blood properly so 
called. Through the small asscmblage of cells which make 
ap a Hydra, permeate the juices absorbed from the food. 
‘There is no apparatus for elaborating a concentrated and 
purified nutriment, and distributing it among the compo- 
nent units; but these component units directly inbibe the 
unprepared nutrimont, eithor from the digestive cavity or 
from one another. May we uot say that this is what takes 
place in an aboriginal tribe? All its members severally 
obtain for themselves the necessaries of life in their crade 
states ; and eeverally prepare them for their own uses a8 well 
as they can. When thoro arisos a decided differentiation 
between the governing and the governed, some amount of 
transfer begins between those inferior individuals who, as 
workers, come directly in contact with the products of the 
earth, and those superior ones who exercise the highor 
fenctions—a transfer parallel to that which accompanies 
the differentiation of the ectoderm from the endoderm. In 
the one case, as in the other, however, it is a transfer of 
products that are littlo if at all propared ; and takes place 
directly from the unit which obtains to the unit which 
consnmes, without entering into any general current, 

Passing to langer organisms—individual and social—we 
meet the first advance on this arrangement. Where, os 
among the compound Hydroza, there is a union of many 
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such primitive groups as form Hydrm; or where, as in 
a Medusa, one of these groups has become of great sizo; 
there exist rade channels running throughout the substance 
of tho body: not, however, channels for the conveyance of 
propared nutriment, but mere prolongations of tho digestivo 
eavity, through which the crude chyle-aqueous fluid reaches 
tho remotor parts, and is moved backwards and forwards 
by the creature's contractions. Do we not find in some of 
the more udvanced primitive communities an 
condition? When the men, partially or fully united into 
‘one society, become numerous—when, as usually happens, 
they cover a surface of country not everywhere alike in its 
products—whon, more especially, there arise considerable 
classes which are not industrial; some process of exchange 
and distribution inovitably arises. Traversing here and 
there the earth’s sarface, covered by that vegetation om 
which human life depends, and in which, as we say, the 
units of a society are imbedded, there are formed indefinite 
paths, along which some of the necessaries of life occu- 
sionally pass, to be bartered for others which presently 
come back along the sume channels. Note, however, that 
‘at first littlo ole but crndo commodities are thus trans- 
ferred—fruite, fish, pigs or cattle, sking, otc.: there are 
fow, if any, mannfuctured products or articles prepared for 
consumption. And note also, that such distribution of 
these unprepared necessaries of life as takes place, is but 
occasional—goes on with a certain slow, irregular rhythm. 
Further progress in the elaboration and distribution of 
nutriment, or of commodities, is a necessary nccompani- 
ment of further differentiation of functions in the individual 
Body or in the body-politic. As fast as cach organ of a 
living animal becomes confined to a special action, it must 
become dependent on the rest for those materials which its 
position and duty do not permit it to obtain for itself; in 
the same way that, as fast as each particular class of a 
community becomes exclusively occupied in producing its 
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own commodity, it must become dependent on the rest for 
the other commodities it needs. And, simultaneously, 
more perfectly-claborated blood will result from a highly 
specialized group of nutritive organs, severally adapted to 
prepare its different elements; in the same way that tho 
stroam of commodities circulating throughout a socioty, 
will be of superior quality in proportion to tho greater 
division of labour among the workers. Observe, also, that 
in either case the circulating mass of nutritive muterials, 
besides coming gradually to consist of better ingredieuts, 
also grows more complex. An increase in the number of 
the unlike organs which add to the blood their waste 
matters, and demand from it the different mntorials they 
severally need, implics a blood more heterogeneons in com- 
position—au a priori conclusion which, according to Dr. 
Williams, is inductively confirmed by examination of the 
blood throughout the various grades of the animal kingdom. 
And similarly, it is manifest that wx fast as the division of 
labour among the classes of a community becomes greater, 
there must be an increasing heterogencity in the currents of 
merchandize flowing throughout that community. 

The circalating mazes of nutritive materials in individual 
organisms and in social organisms, becoming at once bettor 
in the quality of its ingredients and more heterogeneous 
in composition, as the type of structure becomes higher, 
eventually has added to it in both cases another element, 
which is not itself nutritive but facilitates the processes of 
nutrition. We refer, in the case of the individual orgen- 
ism, to tho blood-discs; and im tho case of the social 
organism, to money. This analogy has been observed 
by Licbig, who in his Familiar Lettors on Ohemietry 
eaysi— 

vaaee and gold have to perform in the organism of the state, the 
same function as the blood-corpnscles in tha human organixm. Ax thea 
round disos, without themselves taling an immediate share in tho nutritive 
prosess, aro tho medium, the oxsontial condition of tho change of male, of 
the production of the heat and of the force by which the temperature of the 
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body is kept up, and the motions of the blood and all the juices aro doter- 
amined, 20 has gold become the modium of all activity in the life of the state.” 

And blood-corpaseles being like coin in their fanctions, 
and in the fact that they are not consumed in nutrition, he 
further points out that the number of them which in a 
considerable interval flows through the great centres, is 
enormous when compared with their absolute number; 
just as the quantity of money which annually passes 
through the great mercantile centres, is enormous when 
compared with the quantity of money in the kingdom. 
Nor is this all. Liebig has omitted the significant cireum- 
stance that only at a cortain stage of organization dora 
this clement of the circulation make its appearance. 
Throughout extensive divisions of the lower animals, the 
blood contains no corpuscles; and in societies of low 
civilization, there is no money. 

Thus far we have considered tho analogy between the 
blood in a living body and the consumable and circulating 
commodities in the body-politic. Let us now compare the 
appliances by which they are rospectively distributed. 
We shull find in the developments of these appliances 
parallelism nob less remarkable than those above set forth. 
Already we have shown that, as classos, wholesale and 
retail distributors discharge in @ society the office which 
tho vascular system dischargos in an individual croaturo; 
that they como into existence later than the other two 
great classes, as the vascular layer appeara later than tho 
mucous and serous layers; and that they occupy a like 
intermediate position. Tere, however, it remains to be 
pointed out that a complete conception of the circulating 
system in a society, includes not only the active human 
Sgents who propel the currents of commodities, and regu- 
Into thoir distribution, but includos, also, the channols of 
communication. It is the formation and arrangement of 
these to which we now direct attention. 

Going back once more to those lower animals in which 
there is found nothing but # partial diffusion, not of blood, 
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but only of erode nutritive fluids, it ie to be romarked that 
the channels through which the diffusion takes placa, are 
mere excavations through the half-organized substance of 
the body: they have no lining membranes, but are mere 
lacuna: traversing a rude tissue. Now countries in which 
civilization is but commencing, display a like condition : 
there are no roads properly so called; but the wilderness 
of vegetal life covering the earth's surface is picrcod by 
tracka, through which the distribution of crade commo- 
dities takes place. And while, in both cases, the acts of 
distribution occur only at long intervulx (the currents, 
after a pause, now setting towards a general centre and 
now away from it), the transfer is in both cases slow and 
difficult, But among other accompaniments of progress, 
common to animals and societies, comes tho formation 
of moro dofinite and complete channels of communication. 
Blood-vasaela acquire distinct walls; roads aro fonced 
and gravelled. This advance is first seen in those 
roads or vessels that are nearest to the chief centres 
of distribution ; while the periphoral roads and peripheral 
vessels long continue in their primitive states. At a yet 
later stage of development, where comparative finish of 
structure is found throughout tho system as well aa near 
the chief centres, there remains in both caves the difference 
that tho main channels are comparatively broad and 
straight, while the subordinate ones are narrow and 
tortuous in proportion to their remoteness. Lastly, it is 
to be remarked that there ultimately arise in the higher 
social organisms, as in the higher individual organisms, 
main channels of distribution still more distinguished by 
their porfect structures, thoir comparative straightness, 
and the absence of those small branches which the minor 
channels porpetually give off. And in railways wo also 
see, for the first time in the social organism, a system of 
double channels conveying currents in opposite directions, 
as do the arteries and yeins af a well-developed animal. | 
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t 
‘These parallelisms in the evolutions and stractares of the 
circulating systems, introduce us to others in the kinds and 
rates of the movements going on through them. 
the loweet societies, as through the lowest creatares, the 
distribution of crude nutrimont is by slow gurgitations 
‘and regurgitations. In creatures that havo rude vasenlar 
systems, just us in societies that are beginning to have 
roads, there is no regular circulation nlong definite courses; 
‘but, instead, periodical changes of the currents —now 
towards this point and now towards that. Through each 
part of an inferior mollusk’s body, the blood flows for a 
while in one direction, then stops and flows in the opposite 
diroction; just as through a rudcly-organized society, 
the distribution of merchandize is slowly carried on by 
great fairs, occurring in different localities, to and from 
which the currents periodically set, Only animals of tol- 
erably complete organizations, like advanced communities, 
are permeated by constant currents that are definitely 
directed. In living bodies, the local and variable currents 
disappear when there grow up great centres of circulation, 
generating more powerful ewrrents by a rhythm which 
ends in a quick, regular pulsation. And when in social 
bodies there arise great centres of commorcial activity, 
producing and exchanging large quantities of commodities, 
tho rapid nnd continuous streams drawn in and emitted by 
these centres subdue all minor and local circulations: the 
slow rhythm of fairs merges into the faster one of weekly 
marketa, and in the chief centres of distribution, weekly 
markets merge into dnily marketa ; while in place of the 
languid transfor from placo to placo, taking placo at first 
weekly, then twice or thrice a week, wo by-and-by get 
dnily transfer, and finally transfer many times a day—the 
original sluggish, irregular rhythm, becomes a rapid, 
equable pulse. Mark, too, that in both cases the increased 
activity, like the greater perfection of stracturo, is much less 
Conspicuous at the periphery of the vascular system. On 
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main lines of railway, we have, perhaps, a score trains in 
each direction daily, going at from thirty to fifty miles an 
hour; as, through the great arteries, the blood moves 
rapidly in successive gushes. Along high ronds, there go 
vehicles conveying men and commodities with muck less, 
though still considerable, speed, and with a much less 
decided rhythm ; 23, in the smaller arteries, the speed of the 
blood is greatly diminished and the pulse less conspicuous. 
In parish-ronds, narrower, less completo, and more tortuows, 
the rate of movement is further decreased and the rhythm 
scarcely traconble ; as in the ultimate arteries, In those 
still more imperfect by-roads which lead from these parish- 
roads to scattered farmhouses and cottages, the motion is 
yot slowor and vory irrogular ; just aa we find it in the 
capillaries. While along the field-roade, which, in their 
unformed, unfonced stato, aro typical of laeunc, the move- 
ment is the slowest, the most irregolar, and the most infre~ 
quent ; as it is, not only in the primitive lacuna: of animals 
and societies, but as it is also in those lacunc: in which 
the rascular system ends among extensive families of 
inferior creatures. 

‘Thue, then, we find betwoon the distributing eyatems of 
living bodies and tho distributing systems of bodice-politie, 
wondorfully close parallelisms. In the lowest forms of indi- 
vidual and social organisms, there exist neither prepared 
nutritive matters nor distributing appliances; and in both, 
these, arising as necessary accompaniments of the differen- 
tiation of parts, approach perfection as this differentintion 
approaches completeness. In animals, as in societies, tho 
distributing agencies begin to show themsclves at the same 
relative poriods, and in tho samo relative positions, Inthe 
ono, a3 in the other, the nutritive materials circulated are at 
first erade and simple, gradually become better elaborated 
and more heterogeuvous, and have eventually added to them 
@ new element facilitating tho nutritive processes. The 
channels of communication pass through similar phases of 











development, which bring them to analogous forms. And 
Bbaitiesesien shy Hie tent xahes'ch pire ee 
by like steps to liko final conditions. 


We come at length to the nervous system. Having 
noticed the primary differentiation of societies into the 
ing and governed classes, and observed its analogy 
to the differentiation of the two primary tissues which 
respectively develop into organs of external action and 
organs of alimentation; having noticed some of the londing 
analogies between the developmont of industrial arrange- 
ments and that of the slimentary apparatus; and having, 
above, more fully traced the analogies between the 
distributing systems, social and individual ; we have now to 
compare the appliances by which a society, as a whole, is 
regulated, with those by which the movements of an 
individual creature aro rogalated. We shall find hore 
paralleliema equally striking with those already detailed, 
‘Tho class out of which govornmental organisation origi« 
nates, is, as we have said, analogous in its relations to the 
ectoderm of the lowest animals and of embryonic forms. 
And as this primitive membrane, out of which the 
nervo-museular system is evolved, must, even in the first 
stage of its differentiation, be slightly distinguished from 
tho rest by that greater impressibility and contractility 
characterizing the organs to which it gives rise; 80, in that 
superior class which is eventually transformed. into the 
Girecto-executive system of a society (its legislative and 
defensive appliances), does there exist in the beginning, a 
larger endowment of the capacities required for these 
higher social functions. Always, in rude assemblages of 
men, the strongest, most courageous, and most aagacions, 
become rulers and leaders ; and, in a tribe of some standing, 
this results in the establishment of a dominant clays, 
characterized on tho average by those mental and bodily 
qualities which fit them for deliberation and vigorous 





combined action. Thus that greater impressibility ond 
coutmetility, which in the rudost animal types characterize 
tho units of the ectoderm, characterize also the units of the 
primitive social stratum which controls and fights; sinco 
impressibility and contractility nro the respective roots of 
intelligence and strength. 

Again, in the unmodified ectoderm, as we see it in the 
Hydra, the units are all endowed both with impressibility 
and contractility; but as we ascend to higher types of 
organization, the ectoderm differentiates into classes of units 
which divide those two functions between thom: some, 
becoming exclusively improssiblo, ceaso to be contractile; 
while some, becoming exclusively contractile, cease to be 
impressible. Similarly with societies. In an aboriginal 
tribe, the directive and executive functions are diffased in 
a mingled form throaghont the whole governing claxs, 
Fach minor chief commands those under him, and, if need 
be, himself coorces them into obedience. The council of 
chiefs itsolf carries out on the battle-ficld its own decisions. 
Tho head chief not only makes laws, but administers justice 
with his own hands, In larger and more settled communi~ 
ties, however, the directive and executive agencies begin to 
grow distinct from each other. As fast as his duties 
accumulate, the head chief or king confines himself more 
and more to directing public affairs, and leaves the execution 
of his will to others: he deputes others to enforce 
submission, to inflict punishments, or to carry out minor 
acts of offence and defence; and only on occasions when, 
perhaps, the safety of the society and his own supremacy 
are at stake, does be begin to act as well nxdireet. As this 
differentiation establishes itself, the characteristics of the 
raler begin to change. No longer, as im an aboriginal tribe, 
the strongest and most daring man, the tendency is for him 
to bocome the man of greatest cunning, foresight, and skill 
in the managemont of others; for in societies that have 
advanced beyond the firat stage, it is cbiefly such qualities 
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insnother. But in the higher Aunulosa, called Articulata, 
sundry of the anterior pairs of ganglia, besides growing 
larger, unite in one mass; and this great cephalic ganglion 
having become the co-ordinator of all the creaturo’s moyo- 
ments, there no longer exists much local independence. 
‘Now may we not in the growth of a consolidated kingdom 
‘oub of petty sovercignties or baronies, observe analogous 

es? Like the chiefs and primitive rulers above 
described, feudal lords, exercising supreme power over their 
Tospective groups of retainers, discharge fanctions analogous 
to those of rudimentary nervous centres. Among these 
local governing centres there is, in early fondal times, very 
little subordination, They are in frequent antagonism; 
they are individually restrained chiefly by the influence of 
parties in their own class; and they are but irregularly 
subject to that most powerful member of their order who 
has gained the position of head-suzerain or king. As the 
growth and organization of the society progresses, these 
local directive centres fall more and more under the control 
of a chicf directive contre. Closer commercial union 
between the several segments is accompanied by closer 
governmental union ; and these minor rulers end in being 
Kittle more than agents who administer, in their several 
localities, the laws mad by the supreme ruler: just as the 
local ganglia above described, eventually become agents 
which enforce, in their respective segments, the orders of 
the cophalic ganglion. ho parallelism holds stil! further. 
We remarked above, when speaking of the rise of aboriginal 
ksings, that in proportion as their territories increase, they 
are obliged not only to perform their executive functions 
by deputy, but also to gather round themselves advisers to 
aid in their directive functions; and that thus, in place ofa 
solitary governing unit, there grows up a group of govern- 
ing units, comparable to a ganglion consisting of many 
cells. Let us hero add that the advisers and chief officers 
who thus form the radiment of a ministry, tend from the 
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beginning to exercise some control over the ruler. By the 
information they give and the opinions they express, they 
sway his judgment and affect his commands, To this extent 
he is made # channel through which are communicnted the 
directions originating with them; and in course of time, 
when the advice of ministers becomes the acknowledged 
source of his actions, the king assumes tho character 
of an automatic centre, reflecting the impressions mado 
on him from without. 

Beyond this complication of governmental structure many: 
societies do nob progress; but in some, » further develope 
ment takes place. Our own case best illustrates this further 
development and its further analogies. To kings and their 
ministries have been added, in Englend, other great 
directive contres, oxorcising a control which, at first small, 
has been gradually becoming predominant: as with the 
great governing ganglia which especially distinguish tho 
highost classes of living beings. Strange as the assertion 
will be thought, our Houses of Parliament discharge, in the 
social economy, functions which ore in sundry respects 
comparable to those discharged by the cerebral masses in 
a vertebrate animal. As it is in the nature of o single 
ganglion to bo affected only by special etimuli from par- 
ticular parts of the body; so it is in the nature of a single 
ruler to be swayed in his acts by oxclusive personal or class 
interests. As it is in tho nature of a cluster of ganglia, 
connected with the primary one, to convey to it a greater 
variety of influences from more numerous ongans, and thus 
to make its acts conform to more numerous requirements 5 
#0 it is in the natoro of the subsidiary controlling powers 
sarrounding a king to adapt his rule to a groator number of 
public exigencies. And as it is in the nature of those great 
and latest-developed ganglia which distinguish tho highor 
animals, to interpret and combine the multiplied and varied 
impressions conveyed to them frow all parta of the system, 
and to regulate the actions in such way as duly to regard 


them all; so it is in tho nature of those great and latest- 
developed legislative bodies which distinguish the most 
advanced societies, to interpret and combine the wishes of 
all classes and localities, and to make laws in harmony with 
the general wants. We may describe the office of the brain 
a that of ateraging the interests of life, physical, intellect- 
ual, moral; and a good brain is ono in which the dosires 
answering to these respective interests are eo balanced, that 
the conduct they jointly dictate, sacrifices none of them. 
Similarly, wo may describe tho office of n Parliament as that 
of averaging the interests of the various classes in a 
community ; and a good Parliament is one in which the 
parties answering to these respective interests aro so 
balanced, that their united legislation allows to each class 
au much as consists with the claims of the rest. Bosides 
being comparable in their duties, these great directive 
centres, social and individual, are comparable in the pro- 
cesses by which their duties aredischarged. The cerebrum 
is not occupied with direct impressions from without but 
with the ideas of such impressions, Instead of the actual 
sensations produced in the body, and directly appreciated 
by the sensory ganglia, or primitive nervous centros, the 
cerebrum receives only the representations of these sen- 
sations; and its consciousness is called representative 
conscionsness, to distinguish it from the original or 
preentative consciousness. Is it nob significant that we 
have hit on the same word to distinguish the function of our 
House of Commons? We call it a representative body, 
beeause the interests with which it deals are not directly 
prosented toit, but represented toit by its various members; 
and a debate is a conflict of representations of the results 
likely to follow from a proposed course—a description which 
applies with equal trath to a debute in the individual 
consciousness. In both casos, too, these great governing 
masses take no part in tho excoutive functions. As, after 
a conflict in the cerobrum, those desirca which finally pre- 
4 
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dominate act on the subjacent ganglia, and through their 
instrumentality determine tho bodily actions ; so the parties — 
which, after a parliamentary atruggle, gain tho victory, do 
‘not themselves carry out their wishes, but get them carried 
‘out by the exocutive divisions of the Government, The 
fulfilment of all legislative decisions still devolves on the 
inal directive centres: the impulse passing from the 
Parliament to the Ministers and from the Ministers to the 
King, in whose name everything is done; just as those 
smaller, first-developed ganglia, which in the lowest 
vertebrata are the chief controlling agonts, are still, in the 
brains of the higher vertebrata, the agents through which 
the dictates of the cerebrum are worked ont. Moreover, in 
both cases these original centres become increasingly auto- 
matic, In the developed vertebrate animal, they hare little 
function beyond that of conveying impressions to, and 
executing the determinations of, the lorger centres. In our 
highly organized government, the monarch has long been 
lapsing into a passive agent of Parliament; and now, 
ministries are rapidly falling into the same position. Nay, 
Detween the two cases there is a purallelism even in respect 
of the exceptions to this automatic action, For in the 
individual creature it happens thab under circumstances of 
sudden alarm, as from a loud sound close at hand, an 
unexpected object starting up in front, or « slip from 
insocure footing, the danger is guarded agninst by some 
quick involuntary jamp, or adjustment of the limbs, which 
occurs before there js time to consider the impending eyil 
and take deliborate mensnres to avoid it: tho rationale of 
which is that these violent impressions produced on the 
senses, are reflected from the sensory ganglia to the spinal 
cord and muscles, without, as in ordinary cases, first passing 
through the cerebram. In like manner on national 
emergenci¢s calling for prompt action, the King and Min- 
istry, not having time to lay the matter before the great 
eliberative bodies, themselves issue commands for the 
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requisite movements or precautions: the primitive, and now 
almost automatic, directive centres, resume for a moment 
their original uncontrolled power, And then, strangest of 
all, observe that in either case thoro is an after-proceas of 
approval or disapproval, Tho individual on recovering from 
his automatic start, at once contemplates the cause of his 
fright; and, according to the case, concludes that it was 
well he moved as he did, or condemns himself for his 
groundless alarm. In like manner, the deliberative powers 
of the State discuss, as soon as may be, the unauthorized 
acts of the executive powers; and, deciding that the 
ronson were or were not suflicient, grant or withhold a 
Dill of indemnity.* 

‘Thus far in comparing the governmental organization of 
the body-politic with that of an individual body, we have 
considered only the respective co-ordinating centres. We 
have yet to consider the channels through which these 
co-ordinating centres receive information and convey com- 
mands. In the simplest societies, as in the simplest 
organisms, there is no “intornuncial apparatus,’ os Hunter 
styled the nervous system. Consequently, impressions con 
bo but slowly propagated from nuit to unit throughout the 
whole mass. The same progress, however, which, in 
animal-organization, shows itself in the establishment of 
ganglia or directive centres, shows itself also in the 
establishment of nerve-threads, through which the ganglia 
receive and convey impressions and so control remote 


* Ts may bo well to warn the reador against an rror fallen into by one who 
criticised this essay on its first publioation—the error of ropporing that the 
analogy here intended to bo drawn, ia m spscifo analogy between tha 
‘nganization of society in England, aud the human organisation, As xd 
at the outsct, no such specific analogy exists. ‘The above parallel ig ono 
‘betwoon the most developed systems of governmental organization, individeal 
‘and socinl; and the verlebrale fype is instanced morely aa exhibiting thin 
mostdeveloped system. If any specific comparison were inade, which 
it cannot rationally be, it would be made with some much lower vertebrate 
form then the human, 
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organs. And in socicties the like eventually takes place. 
After » long period during which the directive centres 
communicate with various parts of the society through other 
means, there at last comes into existence an “internuncial 
apparatus,” analogous to that found in individual bodies. 
‘The comparison of telegraph-wires to nerves is familiar to 
all. It applies, however, to an extent not 

supposed. Thus, throughout the vertebrate sub-kingdom, 
the great nerve-bundles diverge from the vertebrate axis 
side by side with the great arteries; and similarly, our 
gronps of telegraph-wires are carried along the sides of our 
railways. The most striking paralleliam, however, remains. 
Into each great bundle of nerves, as it leaves the axis of 
the body slong with an artery, there entersa branch of the 
sympathetic nerve; which branch, accompanying the artery 
throughout its ramifications, has the function of regulating 
its diameter and otherwise controlling the flow of blood 
through it according to local requirements. Analogously, 
in the group of telegraph-wires running alongside each 
railway, there is a wire for the purpose of regulating the 
trafic—for retarding or expediting the flow of passengers 
and commodities, as the local conditions demand. Prob- 
ably, when our now rudimentary telegraph-system is fally 
developed, other analogies will be traceable. 

Such, then, is » general outline of the evidence which 
justifies the comparison of societies to living organisms. 
That they gradually increase in mass; that they become 
littlo by little more complex; that at the same timo their 
parts grow more mutually dependent; and that they con- 
tinue to liveand grow as wholes, while successive generations 
of their nnits appear and disappear; are broad peculiarities 
which bodies-politie display in common with all living 
bodies; and in whichthey and living bodies differ from 
everything else. And on carrying out the compurison in 
detail, we find that these major analogies involve many 
minor analogies, far closer than might have been expected, 
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Others might be added. We had hoped to say something 
respecting the different types of social organization, and 
something also on social metamorphoses; but we have 
reached our assigned limits. 





THD ORIGIN OF ANIMAL WORSHIP, 
[First published in Tho Fortnightly Review for May, 1870.] 


Me, McLuxwan’s recent essays on the Worship of Animals 
and Plants have done much to elucidate a very obscure 
subject. By pursuing in this case, as before in another case, 
the truly scientific method of comparing the phenomena 
presented by existing uncivilized races with those which 
the traditions of civilized races presont, he has rendered 
both of them more comprehensible than they were before. 

It seems to mo, howover, that Mr. McLennan gives bat 
on indefinite answer to the essential question—How did the 
worship of animals and plants arise? Indeed, in his eon- 
cluding paper, he expressly loaves this problem unsolved ; 
suying that bis “is not an hypothesis explanatory of the 
origin of Totemism, be it remembered, bub an hypothesis 
explanatory of the animal and plant worship of the ancient 
nations.” So that we havo atill to ask—Why have savago 
tribes so gonorally taken animals and plants and othor 
things as totems? What can have induced this tribe to 
ascribo special sacredness to one creature, and that tribe to 
another? And if to theso questions the reply is, that each 
tribe considers itself to be descended from the object of its 
reverence, thon there presses for answer the further question 
—How came s0 strange o notion into existence? If this 
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notion occurred in one case only, we might set it down to 
some whim of thought or some illusive occurrence. But 
appearing, as it does, with multitudinous variations among 
so many uncivilized races in different parts of the world, 
and having left numerous marks in the superstitions of 
extinct civilized races, we cannot assume apy special or 
exceptional cause, Moreover, the general cause, whatever 
it may be, mast be such as does not negative boriginal 
intelligence like in nature to our own. After studying tho 
grotesque belicfs of savages, we are apt to suppose that 
their reason is not as our reason. Bat this supposition ia 
inadmissible. Given the amount of knowledge which primi- 
tive men possess, and given the imperfect verbal symbols 
used by them in speech and thought, and the conclusions 
they babitually reuch will be those that are relatively the 
most rational. ‘Ibis must be our postulate; and, setting 
out with this postulate, we have to ask how primitive men 
came so generally, if not univereally, to believe themeelves 
the progeny of animals or plants orinanimate bodies. There 
is, I believe, a satisfactory answer. 





‘The proposition with which Mr. McLennan sets out, that 
totem-worship preceded the worship of anthropomorphic 
gods, is onc towhich I can yield but a qualified assent. It 
is true in a sense, butnot wholly true, Ifthe words “ gods” 
and “worship” carry with them their ordinary definite 
moanings, tho statomont is true; but if their meanings aro 
widened 30 as to comprehend those earliest vague notions out 
of which the definite ideas of gods and worship are evolved, 
I think it is not true, The rudimentary form of all religion 
is the propitiation of dead ancestors, who are supposed to 
bo still existing, and to be capable of working good or evil 
to thoir descendants. As a preparation for dealing hereafter 
with the principles of sociology, I have, for some years past, 
directed much attention to tho modes of thought current in 
the simpler human societies; and evidence of many kinda, 
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furnished by all varictics of uncivilized men, has forced on- 
me a conclusion harmonizing with that lately expressed in 
this Review by Prof. Huxley—namoly, that the savage, con- 
ceiving a corpse to be deserted by the active personality 
who dwelt in it, conceives this active personality to be still 
existing, and that bis feelings and ideas concerning it form 
tho basis of his superstitions. Dverywhere we find expressed 
or implied the belief that ench person is donble; and that 
when he dies, his other self, whether remaining near ab hand 
or gone far away, may return, and continues capable of 
injuring his enemies and aiding his friends.+ 

But how ont of the desire to propitiate this second per- 


* A crition! renter may raise an objection, Tf animal-worthip fx to be 
rationally |, how ean the interpretation sot owt by aceuming « belief 
4m the upirits of dead ancestory—a belied which justaa much roquires explana 
tion? Doubtlors there is here a wide gap in the argument. I hope-eventually 
to 6) it up, Here, oat of many experiences which conspire to generate this 
boliaf, Foun but briefly indioato the leading cnes: 1. Tt isnot impomiblo that 
his shadow, following him everywhere, and moving as he mover, may have 
some amall share in giving to the savage a vague idea of his duality, Ib 
nods bat to watch a child's interest In the movements af ita shadow, and to. 
Fomember that at first a shadow cannot be intorpreted as a negation of light, 
tbut is looked upon as an entity, to perecive that the savage may very possibly 
‘consider it ns a specific something which forms part of him. 2 A aiwch more 
docided mggestion ef the gama kind és likely to resalt trom the refleetion of 
‘his face and figore in water: imitating himas it does in his form, colours, m0- 
tions, grimaces. When we remember that not unfrequently a savage objects 
to have his portenit taken, because ho thinks whoover carries away a repre 
sentation of him carries away some part of his boing, we soe how probable 
i $s that ho thinks his double in the water is a reality in some way belonging 
to him, 3. Echoes must greatly tend to confirm the idea of duality otherwise 
arrived at. Incapable as he ix of understanding their natural origin, the 
primnitive man necossarily ascribes them to living beluge—beings who mock 
iim anil eladle his search. 4. Tho suggestions resulting from these and other 
physical phenomena aro, however, secondary in importance. The root of this 
‘oliet in another welt Hox in the experience of dreams. ‘The distinction so 
‘easily mado by vs botween our life in dreams and our real life, is one whieh 
the savage recognizes in bots rngue way ; and he cannot express even that 
istinotion which he perceives. When he awakes, and to those who have seen 
him lying quietly asleep, describes where he has beon, snd what he hax done, 
big rade Jangusge tails to stato tho difforonos betwoen seeing and dreaming 
‘that he saw, doing and dreaming that he did. From this inadequacy of his 
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sonality of a deceased man (the words “ ghost ” and “ spirit” 
aro somewhat misleading, since the savage believes that the 
second personality reappeare in a form equally tangible 
with the first), does there grow up tho worship of animals, 
plants, and inanimate objects? Very simply. Savages 
habitually distinguish individuals by names that are either 
directly suggestive of some personal trait or fact of personal 


language it not only resnits that he eannot troly reprosent this difference to 
others, but also that he cannot traly represent it to himself. Hence, in the 
absence of an alternative interpretation, his belie! and that of thoes to whom 
‘he tolls bis adventures, is that his other self has beon away, and camo back 
‘when he awoke. And this belief, which we find among various exitting savage 
tribes, we equally find in the traditions of the eatly civilized races. 5. The 
conception of another self capable of gaing away and rwturning, receites 
what to tho savage must seem eonelusive verifications from the abnormal 
suspensions of conseionsness, and derangements of consciousness, that 
occasionally ocour in members of his tribe. One who has fainted, and cannot 
‘be immodiately brought back to himself (note the significance of our own 

retarning to himself,” otc.) as x sloaper oan, shows him a wtate ia 
sehieh tho other self hoe been away for a time beyond recall, Still more is 
this prolonged absence ot the other self shown him in eases of apoplesy, eata- 
lepey, and other forms of suspended animation. Here for hours the other 
‘solf persists in remaining sway, and on returning refuses to say where ho has 
been, Further verification is aitorded by every opileptio ubjeat, into whose 
body, during the abeenco of the other self, some enemy has entered; for how 
also does it happen that the other self, on returning, denies all knowledge of 
what hia body hac been doing? And this supposition that the body has been 
" ponseetod ” by ecme otber being, is confirmed by the phenomena of eom- 
pambolism and insanity. 6. What, then, is the interpretation inevitably put 
upon death? Tho other aalf has habitually resummed after aleep, which sim 
Inter death. It hes returned, too, after fainting, which simulates desth much 
more, It has even rcturred after the rigid state of catalepsy, which simulates 
death very greatly, Wall it pot return also afier this still more prolonged 
-guiesoence and rigidity? Clearly it is quite posaible—quite probatile even. 
‘The dead man's othor self is gone away fora long time, but it still existe 
somewhere, for or near, and may at any moment come back to do all he said 
he would do. Hence the various burial-rites—the placing of weapons and 
valuables along with the body, the daily bringing of food tot, etn. I hope 
‘hereafter 10 show that, with such kmovledge of the facts nz ho has, this 
interpretation fs the most reasonable the savage can arrive wt. Let me here, 
‘howwrer, by way of showing how clearly the facts bear out this view, give one 
‘ijuatration oat of many. “ The ¢eremonies with which they [the Veddahs) 
Jnvelie thee {the shades of the dead) aro dow as they are simple, ‘The most 
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history, or elso express an observed community of character 
with somo well-known object. Such ® genesis of indi- 
vidual namos, before surnames have arison, is inevitable; 
and how easily it arises we shall see on remembering that 
it atill goes on in its original form, even when no longer 
needful. I do not refer only to the significant fact that in 
some parts of England, as in the nail-making districts, nick~ 
names aro gonoral, and surnames little recognized; but I 
refer to a common usage among both children and adults. 
‘The rude man is apt to be known as “a bear;” a sly 
fellow, as “‘an old fox;” a hypocrite, as ‘the crocodile.” 
Names of plants, too, are used ; as when the red-haired boy 
is called “carrots” by his school-fellows. Nor do we lack 
nicknames derived from inorganic objects and agents: 
instance that given by Mr. Carlyle to the elder Sterling— 
“Captain Whirlwind.” Now, in tho oarliost savage stato, 
this metaphorical naming will in most cases commence 
afrosh in each generation—most do so, indeed, until sur- 
names of some kind have been established. T say in most 
cases, because there will occur exceptions in the cases 
of meu who have distinguished themselves. If “‘the Wolf,” 


common is the following. An arrow is fixed upright in the ground, and the 
‘Veridal dances slowly round it, ehanting this invocation, which is almost 
sausioa! in fia rhythin 1 
“MA myn, mA my, mi 
opany oythot aligns janddh 2" 
“Mt, one, ono, my Godt 
pore ae 
"Thin invocation appears to be used on all oeeasions whan the interventiam 
‘of tho goanian spirita in required, in sickness, preparatory to hunting, ete, 
Beenetinies, in the latter ease, a portion of the flesh of the game is promined aa 
f votive offering, fa the event of the chase being successful ; and they believe 
that the spirits will appear to thom in dreama and tell them where to hunt, 
Sometimes they cook food and place it in the dry bed of a river, or some other 
secladed spot, and then call on their deceased ancestors by name. ‘Come and 
parlake of this! Give us maintenance as you did when living! Come, whurw- 
‘sperer you may be ; ons tree, on a rock, in the forest, come!* And thay 
aneo roand the food, half chanting, half the invocation." —Batlay, 
fm Transactions of the Ethaological Society, 1. By Hi, p. 301-2, 
; 
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proving famous in fight, becomes a terror to neighbouring 
tribes, and a dominant man in his own, his sons, prond 
of their parentage, will not leb fall the fact that they 
descended from “the Wolf”; nor will this fact be forgotten. 
by the rest of the tribe who hold “the Wolf” in awe, and 
see reason to dread his sons. In proportion to the power 
and celebrity of ‘the Wolf” will this pride ond thia fear 
conspire to maintain among his grandchildren and great- 
grandchildren, as well as among those over whom they 
dominate, the remembrance of the fact that their ancestor 
was “the Wolf”. And if, as will occasionally buppen, this 
dominant family becomes the root of a new tribe, the 
members of this tribe will become known to themselves and 
others as “the Wolves”. 

We need not rest satisfied with the inference that this 
inhoritance of nicknames will take place, ‘Thore is proof 
that it does take place. As nicknaming after animals, 
plants, and other objects, still goes on among ourselves, 80 
among ourselves does there goon the descent of nicknames. 
An instance has come under my own notice on an estate 
in the West Highlands, belonging to some friends with 
whom I frequently have the pleasure of spending a few 
weeks in the autumn. “Toke a young Croshel,” has more 
than onee been the reply of my host to the inquiry, who 
should go with me, when I wns setting out salmon-fishing. 
The elder Croshek I knew well; and supposed that this 
name, borne by him and by all belonging to him, was the 
family surname. Years passed before I learned that the 
real surname was Cameron ; that the father was called 
Croshek, after tho namo of his cottage, to distinguish him 
from other Camerons employed about the premises; and 
that his children had come to bo similarly distinguished. 
Though hore, as very generally in Scotland, the nickname 
was derived from the place of residence, yet had it been 
derived from an animal, the process would have been the 
same: inheritance of it would have occurred just as 
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naturally. Not-even for this small link in the argument, 
however, need we depend on inference. There is frct to. 
bear us out. Mr. Bates, in his Naturalist on the River 
Amazone (2d ed., p. 376), describing three half-eastee who 
accompanied him ona hanting trip, says—“Two of thom 
were brothers, namely, Joiio (John) and Zephyrino Jabuti: 
Tabuti, or tortoise, being a nickname which their father had 
earned for his slow gait, and which, as is usual in this 
country, had descended as the surname of the family.” Let 
me add the statement made by Mr. Wallace respecting this 
same region, that ‘one of tho tribes on the river Isénna 
is onlled ‘Jurnupari’ (Devils). Another is called ‘Ducks;? 
a third, ‘Stars;’ a fourth, ‘Mandiocea.’” Putting these 
two statements together, can there be any doubt about the 
genesis of these tribal names? Let “the Tortoise” become 
sufficiently distinguished (not necessarily by superiority— 
great inferiority may occasionally suffice) and the tradition 
of descent from him, preserved by his descondants them- 
selves if he was superior, and by their contemptuous neigh- 
bours if he was inferior, may become a tribal name.* 

“Bat this,” it will be said, “does not amount to an 
explanation of animal-worship.” True: s third factor 
remains to be specified. Given a belief in the still-existing 
other self of the deceased ancestor, who must be.propitiated; 
given this survival of his metaphorical name among his 
grandchildren, great-grandchildren, ete.; and the further 

* Since the foregving pages were written, my attention has been drawn by 
Sir John Inbbock to » passage in the appendix to the second edition of Pre 
historic Times, in which be bas indicated thie derivation of tribal names, 
‘Ho says: ‘In endeavouring to account for tho worahip of animals, wo must 
remember that names are very frequently taken from them. The cbifdren 
and followers of a man called the Bear or the Lion would make that « tribal 
name. Henne the animal itself would bo firat reepected,at Jast worshipped.” 
Of the genesis of this worship, however, Sir John Lubbock doce not give any 
specific explanation. Apparently heinelines to the belief, tacitly adopted also 
dy Mr, McLennan, that animal-worship is derived from xn original Fetiohiam, 
of which it is @ moro developed form. As will shortly be soba, E take @ 
different view of ile origi. 
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requisite is that tho distinction between metaphor and 
reality shall be forgotten. Let tradition fail to keep clearly 
in view the fact that the ancestor was a man called “ the 
‘Wolf et him be habitually spoken of as“ the Wolf”, just: 
as when alive; and the natural mistake of taking the name 
literally will bring with it, firetly, a belief in descent from 
an actual wolf, and, secondly, « treatment of the wolf in a 
manner likely to propitiate him—a manner appropriate to 
one who may be the other self of the dead ancestor, or one 
of the kindred, and therefore a friend. 

‘That a misunderstanding of this kind is likely to grow 
up, becomes obvious when we bear in mind the great in- 
definiteness of primitive language. As Prof. Max Miiller 
says, respecting certain misinterpretations of an opposite 
kind: “These metaphors . . . . would become mere namea 
handed down in the conversation of n family, understood 
perhaps by the grandfather, familiar to the father, but 
strange to the son, and misunderstood by the grandson.” 
We have ample reuson, then, for supposing such misinter 
pretations. Nay, we may go further. Weare justified in 
saying that they aro certain to occur. For undeveloped 
languages contain no words capable of indicating tho 
distinction to be kept in view. In the tongues of existing 
inferior races, only concrete objects and acts are expressible. 
The Australians have a name for each kind of tree, but no 
nama for tree irrespective of kind. And though some 
witnesses allege that their vocabulary is not absolutely 
destitute of generic names, its extreme poverty in such is 
unquestionable. Similarly with the Tasmanians. Dr. Milli- 
gan says they “had acquired very limited powers of 
abstraction or goneralization. They porseased no words 
representing abstract ideas; for each variety of gum-tree 
and wattle-tree, etc., ete., they had a name, but they bad no 
equivalent for the expression, ‘a tree;’ neither could they 
express abstract qualities, such as hard, soft, warm, cold, 
long, short, round, etc.; for ‘hard,’ they would say ‘like a 





B16 THE ORIGIN OF ANIMAL-WORSTIP, 


stone;? for ‘tall? they would say ‘Jong legs,’ eto.; and for 
‘round,’ they said ‘like a ball,’ ‘like the moon,’ and so on, 
usually suiting the action to the word, and confirming, by 
some sign, the meaning to be understood.”* Now, even 
making allowance for over-statement here (which seems 
needful, since the word “long,” ssid to be inexpressible in 
tho abstract, subsequently occurs as qualifying a concrete 
in the expression, “long legs”), it is manifest that so 
imperfect a language must fail to convey the iden of a 
name, a8 something separate from a thing; and that still 
less can it be eapable of indicating the act of naming. 
Familiar use of such partinlly-abstract words as are appli- 
cable to all objects of a class, is needful before there can be 
reached the conception of a name—a word symbolizing the 
aymbolic character of other words; and the concoption of a 
name, With ita answering abstract term, rust be long current 
before the verb to name can arise. Hence, men with 
speech so rode, cannot transmit the tradition of an 
ancestor named “the Wolf”, as distinguished from the actual 
wolf. The children aud grandchildren who saw him will 
not be led into error ; but in later generations, descent from 
“the Wolf” will inevitably come to mean descent from the 
animal known by that name. And the ideas and senti- 
monts which, ns above shown, naturally grow up round tho 
belief that the dead parents and grandparents are still alive, 
and ready, if propitiated, to befriend their descendants, will 
be extended to the wolf species. 

Before passing to other developments of this general 
view, let me point out how not simply animal-worship is 
thus accounted for, but also the conception, so variously 
illustrated in ancient legends, that animals are capable of 
displaying human powers of spooch and thought and action, 
Mythologies are full of stories of beasts and birds and 
fishos that have played intelligent parts in human affaire— 


© Procendings of the Royat Society of Tarmania, ii, p. 280-81. 
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creatures that have befriended particular persons by giving 
them information, by guiding them, by yielding them help; 
or else that hare deceived them, verbally or otherwise. 
Evidently all these traditions, as well as those about abduc- 
tions of women by animals and fostering of children by them, 
fall naturally into their places as resulta of the habitual 
misintorprotation I have described, 


The probability of the hypothesis will appear still 
greater when we observe how readily it applies to the 
worship of other orders of objects. Belicf in actual 
descent from an animal, strange as we may think it, is one 
by no means incongruous with the unanalyzed experiences 
of the savage ; for there come under hia notice many meta- 
morphoses, vegetal and animal, which are apparently of 
Vike character. But how could he postibly arrive at so 
grotesque a conception as that the progenitor of his tribe 
was the sun, or the moon, or a particular star? No 
observation of surrounding phenomena affords the slightest 
suggestion of any such possibility. Bat by the inheritance 
of nicknames that are eventunlly mistaken for the names 
of tho objects from which they were dorived, the beliof 
readily arises—is eure to arise. That the names of 
heavenly bodies will farnish metaphorical namos to the 
uncivilized, is manifest. Do wo not ourselves call a dis- 
tinguished singer or actor a star? And have we not in 
poems numerous comparisons of men and women to the 
san and moon; as in Love’s Labour's Lost, where the 
princess is called “a gracious moon,” and as in Henry 
VII, where we read—“ Thoso suns of glory, those two 
lights of men?” Clearly, primitive peoples will be not 
unlikely thns to spenk of the chiof hero of a successful 
battle. When wa remember how the arrival of a triam- 
phant warrior must affect the feelings of his tribe, dissi- 
pating clouds of anxiety and brightening all faces with 
joy, we shall see that the comparison of him to the san is 
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qnite natural; nnd in early spocch this comparison can be 
made only by calling bim the sun. As before, then, it will 
happen thst, through a confounding of the metaphorical 
name with the actual name, his progeny, after a few 
generations, will be regarded by themselves and others as 
descendants of the sun. And, as a consequence, partly of 
actual inheritance of the ancestral character, and portly of 
maintenance of the traditions respecting the ancestor’s 
achievements, it will also naturally happon that the solar 
race will be considered a superior race, as wo find it 
habitually is. 

The origin of other totem’, equally strange, if not even 
stranger, is similarly accounted for, though otherwise un« 
necountable. One of the New-Zealand chiefs claimed as his 
progonitor the neighbouring great mountain, Tongariro, 
‘This seemingly-whimsical belief becomes intelligible when 
we observe how easily it may have arisen from a nickname, 

| Do we not ourselves sometimes speak figuratively of a tall, 
| fat man as a mountain of flesh? And, among a people 
prone to speak in still more concrete terms, would it nob 
happen that a chief, remarkable for his great bulk, would 
be nicknamed after the highest mountem within sight, 
because he towered above other men as this did above sure 
rounding hills? Such an occurrence is not simply possible, 
but probable, And, if so, the confusion of metaphor with 
fact would originate this surprising genealogy, A notion 
perhaps yot more grotesque, thus receives a satisfactory 
interpretation. What could have put it into the imagina- 
tion of any one that he was descended from the dawn? 
Given the extremost credality, joined with the wildest 
fancy, it would still seem requisite that the ancestor should 
bo conceived as an entity; and the dawn is entirely with- 
out that definiteness and comparative constancy which 
enter into the conception of an entity. But when wo 
remember that “the Dawn” is natural complimentary 
name for a beautiful girl opening into womanhood, the 
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quite obvious.* 


Another indirect verification is that we thus get o clear 
conception of Fetichism in genoral. Under the fetichistic 
mode of thought, surrounding objects and sgente are 
rogarded as having powers more or less definitely personal 
in their natures; and the current interpretation is, that 
human intelligence, in its early stages, is obliged to con- 
ceive of their powers under this form. I bave myself 
hitherto accepted this interpretation; though always with 
® sense of dissatisfnction, This dissatisfaction wos, L 
think, well grounded. Tho thoory is acarcely a theory 
properly so-called; but rather, a restatement in other 
words. Uncivilized men do habitually form anthropo- 
morphie conceptions of surrounding things; and this 
observed general fact is transformed into the theory that 
ab first they must so conceive them—a theory for which 
the psychological justification attempted, stems to me 
inadequate. From our present stand-point, it becomes 
manifest that Fetichism is not primary but secondary. 
What has boon said abore almost of itself shows this. 
Let us, however, follow out the steps of its genesis, Ro- 
specting the Tasmanians, Dr. Milligan says :—“The 
names of men and women were taken from natural objects 
and occurrences around, as, for instance, a kangaroo, a gum 
tree, snow, hail, thunder, the wind,” flowers in blossom, 
ote. Surrounding objects, then, giving origin to names 
of persons, and being, in the wey shown, eventually mis- 
token for the actual progenitors of those who descend 
from persons nicknamed after them, it results that these 
surronnding objects come to be regarded as in some 
manner possessed of personalities like the human. He 

‘*T have since found, however, that the name Dawn, which ocoure in 


‘rarious places, coome more frequently a birth-name, given bessuso the bist 
took place at dawn, 
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whoso family tradition is that his ancestor was “the 
Crab,” will conceive the crab as having a disguised inner 
power like his own; an allegod descent from “the Palm- 
treo” will ontail belief in some kind of consciousnees 
dwelling in the palm-tree. Hence, in proportion as tho 
animals, plants, and inanimate objects or agents that 
originate names of persons, become numerous (which they 
will do in proportion as a tribe becomes large and the 
number of persons to be distingaished from one another 
increases), multitudinous things around will acquire ima- 
ginary porsonolitics. And so it will happen thot, as Mr, 
McLennan says of the Feejecans, “ Vegetables and stones, 
nay, even toola and weapons, pots and canoes, have souls 
that aro immortal, and that, like the souls of men, pass on 
at last to Mbulu, the abode of departed spirits.” Setting 
out, then, with a belief in the still-living other self of the 
dead ancestor, the alleged general cause of misapprehen- 
sion affords us an intelligible origin of the fetichistic con- 
ception ; and wo are enabled to see how it tends to becomo 
@ general, if not a universal, conception, 


Other apparently inexplicable phenomena are at the 
same time divested of their strangeness. I refer to the 
beliefs in, and worship of, compound monsters—impossible 
hybrid animals, and forms that are half human, half bratal. 
The theory of primordial Fetichism, supposing it other- 
wito adequate, yields no fensible solutions of these, Grant 
the alleged original tendency to think of all natural 
agencies as in some way personal. Grant, too, that hence 
may arise a worship of animals, plants, and even inanimate 
bodies. Still the obvious implication is that the worship 
#0 derived will be limited to things that are, or have been, 
peresived. Why should this mode of thought lead the 
Sarage to imagino a combination of bird and mammal; 
and not only to imagino it, but to worship itasa god? If 
even we admit that eome illusion may have suggested the 
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belief im a creature half man, half fish, we cannot thue 
explain the prevalence among Eastern races of idols 
representing bird-hended men, and men having their legs 
replaced by the legs of a cock, and men with the 
heads of elephants. 

Carrying with us the inferences above drawn, however, 
it is a corollary that ideas and practices of these kinds will 
arise. When tradition preserves both lines of ancostry— 
when « chief, nicknamed “the Wolf”, carries away from an 
adjacent tribe a wife who is remembered either under the 
animal name of her tribe, or as a woman; it will happew 
that if a son distinguishes himself, the remembrance of 
him among his descendants will be that he was born of 
wolf and some other animal, or of a wolf ands woman. 
Misinterpretation, arising in tho way described from de- 
focts of language, will ontail belief in a creature uniting 
the attributes of the two; and if the tribe grows into a 
society, representations of such nm creature will become 
objects of worship. Ono of the cases cited by Mr. 
McLennan may here be repeated in illustration. “The 
story of the origin of the Dikokamenni Kirgheez,” they 
say, “from a red greyhound and a certain queen and her 
forty handmaidens, is of ancient date.” Now, if “the 
red groyhound” was the nicknamo of a man oxtromely 
swift of foot (celebrated ranners have been nicknamed 
“ greyhound ” among ourselves), a story of this kind would 
naturally arise; and if the metaphorical name was mis- 
taken for the actual name, there might result, as tho idol 
of the race, ® compound form appropriate to the story. 
We need not be surprised, then, at finding among the 
Egyptians the goddess Pasht represented as a woman with 
8 lion’s head, and the god Har-hat as a mon with the head 
of a hawk. The Babylonian gods—one having the form 
of a man with an eaglo’s tail, and another uniting a haman 
buat to a fish’s body—no longer appear such unaccountable 
conceptions. We get feasible explanations, too, of seulp- 





tures ropresenting sphinxos, winged haman-headed bulla, 
ete.; os well aa of the storios about centaura, satyrs, 
and the rest. 


Ancient myths in general thus sequire meanings consider- 
ably different from those ascribed to them by comparative 
mythologists. Though these last may be in part correct, 
yet if the foregoing argument is valid, they can scarcely be 
correct in their main outlines. Indeed, if we read the fncts 
the other way upward, regarding aa secondary or additional, 
the elements that are said to be primary, while we regard. 
a8 primary, cortain elements which are considered as accre= 
tions of later times, we shall, I think, be nearer the trath. 

The current theory of the myth is that it has grown ont 
of the habit of symbolizing natural agents and processes, in 
terms of human. personalities and actions. Now, it may 
in the first place be romarked that, though symbolization of 
this kind is common among civilized races, it is not common 
among races that are the most uncivilized. By existing 
savages, surrounding objects, motions, and o , ave 
habitually used to convey ideas respecting human transae- 
tions. It needs but to read the speech of an Indian chief 
to sce that just a3 primitive men name one another meta- 
phorically after surrounding objects, so do they metaphori- 
cally describo one another's doings as though they wore the 
doings of natural objects. But assuming a contrary habit 
of thought to be the dominant one, ancient myths are 
explained as results of the primitive tendency to symbolize 
inanimate things and their changes, by human beings and 
their doings. 

A kindred difficulty must be added. The change of verbal 
moaning from which the myth is said to arise, is a change 
opposite in kind to that which prevaila in the earlier stages 
of linguistic development. It imphes s derivation of the 
concrete from the abstract; whereas at first abstracts are 
derived only from concretes: tho concrete of abstracts 
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being a subsoquont process. In tho words of Prof. Max 
‘Miller, thoro are “ dialects spoken at the present day which 
have no abstract nouns, and the more we go back in the 
history of Jangungos, tho smaller wo find tho nambor of these 
useful expressions” (Chips, vol. ii., p. 54); or, as he says 
more recent “ Ancient words and ancient thoughts, for 
both go together, have not yet arrived at that stage of 
abstraction in which, for instance, active powers, whether 
‘natural or supernatural, can be represented in any but 
‘personal and more or less human form.” (Fraser’s Maga- 
rine, April, 1870.) Here the concrete is as 
original, and tho abstract as derivative. Immediately aftor- 
ward, however, Prof. Max Miiller, having given as examples 
of abstract noons, “day and night, spring and winter, dawn 
and twilight, storm and thunder,” goes on to argue that, 
“as long as people thought in language, it was simply im- 
possible to spcak of morning or evening, of spring and 
winter, without giving to these conceptions something of an 
individual, active, sexual, and at last, personal charactor.’” 
(Ohips, vol. ii., p. 55.) Hore the concrete is derived from 
the abstract—the personal conception is represented a4 
coming after tho impersonal conception; and through 
such transformation of the impersonal into the personal, 
Prof. Max Miiller considers ancient myths to bave arisen, 
How are these propositions reconcilable? One of two 
things must be eaid :—If originally there were none of 
‘these abstract nonns, then the earliest statements respecting 
the daily course of Nature were made in concrete terms— 
the personal elements of the myth were the primitive ele. 
ments, and the impersonal expressions which ure their 
equivalents came later. If this is not admitted, then it 
must be held that, until after there arose these abstract 
nouns, there were no onrrent statements at all respecting 
these most conspicuous objects and changes which the 
heavens and the earth present; and that the abstract nouns 
having been somehow formed, and rightly formed, and used 
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without personal moanings, aftorward bocamo personalized — 
—a process the reverse of that which characterizes early 
lingnistic progress. 

No such contradictions occur if we interprot myths after 
the manner that has been indicated. Nay, besides 
contradictions, we meet with unexpected solutions. ‘The 
moment we try it, the key unlocks for us with ease what 
Seems a quite inexplicable fact, which the current hypo- 
thesis takes as one of its postulates. Speaking of such 
words as sky and earth, dow and rain, rivere and mountains, 
as wellas of the abstract nouns above named, Prof. Max 
‘Moller says—“ Now in ancient languages every one of these 
words had necessarily a termination expressive of gender, 
and this naturally produced in the mind the corresponding 
idea of sex, so that these names received not only an indi- 
vidual, but o sexual character. ‘There was no substan- 
tive which was not cither masculine or feminino; neutora 
being of Intor growth, and distinguishable chiefly in the 
nominative.” (Chips, vol. ii, p. 55.) And this alleged 
necessity for a masculine or feminine implication is assigned 
asa part of the reason why these abstract nouns and colleo- 
tive nouns became personalized. But should not a true 
theory of these first steps in the evolution of thought and 
language show us how it happened that men acquired the 
scemingly-strange habit of so framing their words for sky, 
earth, dew, rain, ete., a8 to make thom indicative of sex? 
Or, at any rate, must it not be admitted that an interpreta- 
tion which, instead of assuming this habit to be ‘‘necessary,” 
shows us how it results, thereby acquires an additional claim 
to acceptance? ‘Tho interpretation I have indicated does 
this. If men and women are habitually nicknamed, and if 
defocts of language lead their descendants to regard them- 
selves as descendants of the things from which tho names: 
were taken, then masculine or feminine genders will be 
ascribed to theso things according as the ancestors named 
after them were men or women. If a beantifal maiden 


) 
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known metaphorically as “the Dawn,” afterwards becomos 
the mother of some distinguished chicf called “ the North 
Wind,” it will result that when, in course of time, the two 
have been mistaken for the uctual dawn and the actual 
north wind, these will, by implication, be respectively con- 
sidered as male and female. . 

Looking, now, at the ancient myths in general, their 
secmingly most inexplicable trait is the habitual combina- 
tion of alleged human ancestry and adventures, with the 
possession of personalities otherwise figuring in the heavens 
and on the earth, with totally non-human attributes. This 
enormous incongruity, not the exception but the rule, the 
current theory fails to explain. Suppose it to be granted 
that the great terrestrial and celestial objects and agents 
naturally become personalized ; it does not follow thateach of 
thom shall bare aspecifichuman biography, Tosay ofsome 
star that he was the son of this king or that horo, was born 
in a particular place, and when grown up carried off the wifo 
of a neighbouring chief, is a gratuitons multiplication of in- 
congraities alroady sufficiently great; and is not accounted 
for by the alleged necessary personalization of abstract and 
collective nouns. As looked at from our present stand- 
point, however, such traditions become quite natural—nay, 
it is clear that they will necessarily arise. When a nick- 
name has become a tribal name, it thereby conses to be 
individually distinctive; and, as already said, the process 
of nicknaming inevitably continues. It commences afresh 
with each child ; and the nickname of each child is both an 
individual name and s potential tribal name, which may 
become an actual tribal name if the individual is sufficiently 
celebrated. Usually, then, there is a double set of distine- 
tions ; under one of which the individual is known by his 
ancestral name, and under the other of which he is known 
by a namo suggestive of something peculiar to himeelf; 
just as we have seen happens among the Scotch clans. 
Consider, now, what will result whan language has reached 
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netage of devolopmont euch that it can convey the 

of naming, and is able, therefore, to preserve ‘ 
human pears Tt will result that the dens 
known both as the son of such and such « man by a mother 
whose name was so and 80, and also as “the Crab”, or “the 
Bear”, or“‘the Whirlwind ”—supposingone of these to be his 
nickname, Such joint ase of nicknames and proper names 
occurs in every school, Now, clearly, in advancing from tho 
early state in which ancestors become identified with the 
objects they are nicknamed after, to the state in which there 
are proper names that have lost: their metaphorical mean- 
ings, there mast be passed through a state in which proper 
names, partially settled only, may or may not be 

and in which tho new nicknames are still liable to be mis- 
taken for actual names. Under such conditions there will 
arise (especially in the cuse of a distinguished man) this 
scemingly-impossible combination of human parentage with 
the possession of the non-human, or superhuman, attributes 
of the thing which gave the nickname, Another anomaly 
simultaneously disappears. ‘The warrior may have, and 
often will have, a variety of complimentary nicknames— 
“the powerful one,” “the destroyer,” etc. Supposing his 
leading nickname has been “ the Sun” ; then when he comes 
to be identified by tradition with the sun, it will happon 
that the sun will acquire his alternative descriptive titlos— 
the swift one, the lion, the wolf—titles not obviously appro- 
priate to the sun, bub quite appropriate to the warrior. 
Thon there comes, too, an explanation of the remaining 
trait of such myths. When this identification of con- 
Spicuous pertons, malo and female, with conspicuous natural 
agents, has become settled, there will in duo course arise 
interpretations of the actions of these agents in anthropo- 
morphic terms. Suppose, for instance, that Endymion and 
Selone, metaphorically named, the one after the setting sun, 
the other after the moou, have had their homan individual- 
ities merged in those of the sun and moon, through mis- 
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interpretation of metaphors ; what will happen? The legend 
of their loves having to be reconciled with their celestial 
appearances and motions, these will be spoken of as results 
of foeling and will ; so that when the sun is going down in 
the west, while the moon in mid-heaven is following him, 
the fact will be oxprossed by saying: ‘ Selene loves and 
watches Endymion.” Thus we obtain a consistent explonn- 
tion of the myth without distorting it; and without assuming 
that it contains gratuitons fictions. We are enabled to 
accept the biographical part of it, if not as literal fact, still 
as haying had fact for its root. We are helped to see how, 
byan inevitable misinterpretation, there grew out of a more 
or less true tradition, this strange identification of its persou- 
ages, with objecta and powers totally non-human in their 
aspects. And then wo are shown how, from the attempt to 
reconcile in thought these contradictory elements of the 
myth, there arose the habit of ascribing the actions of these 
non-human things to human motives. 

One further verification may be drawn from facta which 
are obstacles to the converse hypothesis. These objects 
and powers, celestial and torrestrial, which force themselves 
most on men’s attention, have some of them several proper 
namos, identified with those of different individuals, born 
at different places, and having different acts of adventures, 
‘Thos we have the sun variously known as Apollo, Endy- 
mion, Helios, 'Tithonos, eto,—personages having irreconcil~ 
able genealogies. Such anomalies Prof. Max Miller 
apparently ascribes to the untrastworthiness of traditions, 
which are “careless about contradictions, or ready to solve 
them sometimes by the most atrocions expedienta,”” 
(Chips, vol, ii., p. 84.) But if tho evolution of tho myth 
has been that above indicated, there exiete no anomalies 
to be got rid of: these diverse genealogies become 
parts of the evidence, For we have abundant proof that 
the same objects furnish metaphories] names of men in 
tee ee There aro Duck tribes in Australia, in 


i 







South America, in North America, ‘The eagle is still 
totem among the North Americans, ax Mr. McLennan 
shows reason to conclade that it was among the 

among the Jews, and among the Romans. Obviously, for 
reasons alrendy assigned, it naturally happened in the 
early stages of tho anciont races, that complimentary com~ 
parisons of their heroes to the Sun were frequently made. 
What resulted? The Sun having furnished names for 
sundry chiefs and early founders of tribes, and loeal tradi 
tions having severnlly identified them with the Sun, these 
tribes, when they grew, spread, conquered, or came other 
wise into partial union, originated a combined mythology, 
which necessarily contained conflicting stories about the 
Sun-god, as about its othor loading personages. If the 
North-American tribes, among several of which there are 
traditions of a Sun-god, had doveloped a combined civiliaa- 
tion, there would similarly have arisen among them a 
mythology which ascribed to the Sun several different 
proper names and genealogies. 









Let me briefly set down the leading characters of this 
hypothesis which give it probability. 

Trno interpretations of all the natural processes, organic 
and inorganic, that have gone on in past timee, habiteally 
trace them to canses still in action. It is thus in Geology; 
it is thus in Biology; it is thus in Philology. Here we 
find this characteristic repeated. Nicknaming, the inherit- 
ance of nicknames, and to some extent, the misinterpretation 
of nicknames, go on among us still; and were surnames 
absent, language imperfect, and knowledge as rudimentary 
ng of old, it is tolerably manifest that resulta would arise 
like those we havo contemplated. 

A farther characteristic of a true cause is that it accounts 
not only for the particular group of phenomena to be inter 
preted, but also for other groups. The cause here alleged 
does this. It equally well explaina the worship of animals, 
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of plante, of mountains, of winds, of celestial bodies, and 
even of-appearances too vague to be considered entitios. 
It gives us an intelligible genesis of fotichistic conceptions 
in general. It furnishes os with a reason for the practice, 
otherwise so unaccountable, of moulding the words applied 
to inanimate objects in such ways as to imply masculine 
and feminine genders. It shows us how there natarally 
arose the worship of compound animals, and of monaters 
half man, half brate. And it shows us why the worship of 
purely anthropomorphic deities eame later, when language 
had so far developed that it could preserve in tradition the 
distinction between proper names and nicknames. 

A further verification of this view is, that it conforms to 
the general law of evolution: showing us how, out of one 
simple, vague, aboriginal form of belief, there have arisen, 
by continaous difforentiations, the many heterogeneous forms 
of belief which have existed and do exist. Tho desire to 
propitiate the other self of the dead ancestor, displayed 
among savage tribes, dominantly manifested by the early 
historic mees, by the Poruvinns and Mexicans, by the 
Chinese at the present time, and to a considerable degree 
by ourselves (for what else is the wish to do that which a 
Intely-deceased parent was known to have desired?) has 
been the universal firet form of religious belief; and from 
it have grown up the many divergent belicfs which bnyo 
boen referred to. 

Let me add, as a further reason for adopting this view, 
thut it immensely diminishes the apparently-groat contrast 
between early modes of thought and our own mode of 
thought. Doubtless the aboriginal man differs considerably 
from us, both in intellect and feeling. But such an inter- 
pretation of the facts as helps us to bridge over the gap, 
derives additional likelihood from doing this. The hypo- 
theais I have sketched out enables us to see that primitive 
ideas are not so gratuitously abeurd as we suppose, and also 
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enables us to rehabilitate the ancient myth with far less 
distortion than at firet sight appeara possible. 

These views I hope to develop in the first part of The 
Principles of Sociology. The large mass of evidence which 
Ishall bo able to give in support of the hypothesis, joined 
with the solutions it will be shown to yield of many minor 
problems which I have passed over, will, I think, then give 
to it a still greater probability than it sccms now to have. 





MORALS AND MORAL SENTIMENTS, 


[Pirst published im The Fortnightly Review for April, 1871.) 


Iv o writer who discusses unsettled questions takes up 
every gauntlet thrown down to him, polemical writing will 
absorb much of his energy. Having a power of work 
which unfortunately doos not suffice for executing with 
anything like due rapidity the task I have undertaken, I 
have made it a policy to avoid controversy ax mach as 
possible, even at the cost of being seriously misunderstood. 
Hence it resulted that when in Macmillan’s Magazine, for 
July, 1869, Mr. Richard Hutton published, andor the titlo 
“A Questionable Parentage for Morale,” a criticism on a 
doctrine of mine, I decided to let his misrepresentationa 
pass unnoticed until, in the course of my work, I arrived 
at the stage where, by # full exposition of this doctrine, 
they would be set aside. It did not occur to me that, in 
the meantime, these erroneous statements, accepted as true 
statements, would be repeated by other writers, and my 
views commented upon as untenable, This, however, hos 
happened. In more periodicals than one, I have seon it 
asserted that Mr. Hutton has effectually disposed of my 
hypothesis. Supposing that this hypothesis has been 
rightly expressed by Mr. Hutton, Sir John Lubbock, in 
his Origin of Civilisation, &o., has been lod to express & 
partial dissent; which I think he would not have ex- 
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pressed had my own exposition been before him. Mr. 
Mivart, too, in his recent Gencsia of Species, has been 
similarly betrayed into misapprehensions. And now Sir 
Aloxander Grant, following the same lead, has conveyed to 
the readera of the Fortnightly Review another of these 
conceptions, which is bat very partially true. ‘Thus T find 
myself compelled to say as much as will serve to prevent 
further spread of the mischief. 


If a general doctrine concerning a highly-involved claes 

of phenomena could be adequately presented in a single 
paragraph of a letter, the writing of books would be 
superfluous. In the brief exposition of certain ethical 
doctrines held by me, which is given in Professor Bain’s 
Mental and Moral Science, it is stated that they are— 
“ng yot; nowhere fully exproeeed. ‘They form part of the more general doctrine 
of Evolution which ho is engaged in working out; and they are af present 
to bo gathered only from scattered passages, It is true that, in his first 
work, Socint Statics, he presented what he then regarded as a tolorably 
complete view of one division of Morals. But without abandoning this 
view, ho now regards it as inadequate—moro especially in reepest of 
itr basin” 

Mr, Hutton, however, taking the bare enunciation of 
one part of this basis, deals with it critically ; and, in the 
absence of ary exposition by me, seta forth what he sup- 
poses to be my grounds for it, and proceeds to show that 
they are unsatisfactory. 

If, in his anxiety to suppress what he doubtless regarda 
a4 pernicious doctrine, Mr. Hutton could nob wait until 
Thad explained myself, it might have been expected that 
he would use whatever information was to be had concern~ 
ing it. So far from seeking out such information, however, 
ho has, in a way for which I cannot account, ignored the 
information immediately before bim. 

The title which Mr. Hutton has chosen for his criticism 
is, “A Questionable Parentage for Morals.” Now he has 
ample means of knowing that I allege a primary basis of 


Morals, quite independent of that which he describes and 
rejects. I do not refer merely to the fact that having, 
when ho reviewed Social Slatics,* expressed his very 
decided dissent from this primary basis, he most have 
been aware that I alleged it; for ho may eny that in the 
many years which have since elapsed he had forgotten all 
about it. Bat I refer to the distinct enanciation of this 
primary basis in that letter to Mr. Mill from which he 


quotes. In a preceding paragraph of the letter, T have 
explained that, while I accep? utilitarianism in the abstract, 
I do not accept that current utilitarianism which recognizes 
for the guidance of conduct nothing beyond empirical 
generalizations ; and I have contended that— 

“Morality, properly so-called—the seionce of right conduct—has for ite 
object to determine how and why certain modes of condnot are detrimental, 
and certain other modes beneficial. These good and bad rosults cannot be 
accidental, but must be necessary consequences of the constitution of 
things; and I eancaive it to be the business of Moral Seianoe to deduon, 
from tha Isws of lifa and the conditions of existonce, what kinds of action 
nocestarily tend to produce happiness, and what kinds to produce unbap- 
pines. Having done this, its deductions ary to be recognised as laws of 
condact; and are to be conformed to irrespective of a direct estimation of 
happiness or misery.” 

Nor ix this the only onunciation of what E conceive to be 
the primary basis of morals, contained in this same letter. 
A subsequent paragraph separated by four lines only from 
that which Mr, Hutton extracts, commences thus — 

Progressing civilization, which is of necossity a succession of com. 
promises between old and new, requires o perpetual re-edjustmont of the 
compromise between the ideal and the practicable in social arrangwmnecta: 
to which end, toth elements of the compromise must be kept in view. If jt 
is tene that puro rectitude prescribes « aywtem of things far too good for 
men as they are, it Is not less true that mere expediency does not of itsel! 
tend to establish m system of things any better than that which exists, 
‘While absolute morality owes to expediency the checks which provent it 
from rushing into Utopian absurdities, expediency is indebted to absolute 
‘moxality for all stimulus to improvement. Granted that we axe chiefly 
interested in nscertalning what is relatively right, it still followa that we 
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‘must first consider what is abvo ainee the 
ieee utely right 5 ‘ene conception pre- 





‘suppores 

I do not see how thero could well be a more y 
assertion that there exists a primary basis of morals inde 
pendent of, and in a sense antecedent to, that which 
furnished by experiences of utility; and consequently, 
independent of, and, in a sense antecedent to, those moral 
‘sentiments hick. I conceive to bo generated by such ex- 
poriences, Yet no one could gather from Mr, Hutton’s 
article that I nssort this; or would even find reasons for 
a faint suspicion that I do so. From the reference made 
to my forther views, he would infer my acceptance of that 
empirical utilitarianism which I have expressly repndinted. 
And the title which Mr. Hutton gives to his paper clearly 

asserts, by implication, that I recognize no “parentage | for 

morals” beyond that of tho accumulation and organiza- 
tion of the effecta of experionce. I cannot believe that 
Mr. Hutton intended to convey this erroncous impression, 
He was, I suppose, too mach absorbed in contemplating 
the proposition he combats to observe, or, at least, to 
‘attach any weight to, the propositions which accompany it. 
But I am sorry he did not perceive the mischief he waa 
likely to do me by spreading this one-sided statement. 





T poss now to the particular question at isiue—not the 
“parentage for morals,” but the parentage of moral sonti- 
ments. In describing my view on thie more special doctrine, 
Mr. Hutton has similarly, I regrot to say, neglected the 
data which would have helped him to draw an approxi 
matoly true outline of it. Tt cannot well be that the 
existence of such data was unknown to him, They are 
contained in the Principles of Psychology ; and Mr. Hutton 
reviewed that work when it was first published.* In a 
chapter on the Feelings, which occurs near the ond of it, 


* His criticism will be found in the National Review for January, 1850, 
under the title * Atheism." 
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there is sketched out a process of evolution by no monns 
like that which Mr, Hutton indicates; and had he tarned 
to that chapter he would have seen that his deseription of 
the genesis of moral sentiments out of organized expe 
riences is not such a one as I should have given, Let me 
quote a passage from that chapter. 

“Not only sre those emotions which form the immodiste stimali to 
actions, thus explicable ; but the like explanation applios to the emotions thas 
leave the subject of tham comparatively passive: as, for instance, the 
emotion prodacoi by beautiful scenery, ‘Lhe gradually increasing complexity 
in the groups of consations and ideas o9-ordinated, onds in the ¢o-ordination 
of those vast aggregations of them which a grand landscape excites and 
suggesis. ‘The infant taken into the midst of mountalns, is totally unaffected 
by them ; but is delighted with the small group of nttnibutos and relations 
presented ia a toy. Tho child can spprecioto, and be pleased with, the 
‘more coruplicated relations of household objects and localities, the garden, 
the fold, nnd the street. But it is only in youth and mature age, when 
individual things and small seromblages of thom have become familiar and 
wulomatioally cognizable, that those immense assemblages which landscapes 
presont can be adequately grasped, und the highly aggregated states of con- 
scionsnees produced by them, experianced. Then, however, the varios 
minor groups of states that have boon in carlior days sovorally produced 
by trees, by fields, by streams, by cascades, by rocks, by precipices, by 
mountains, by clouds, are sroused together, Along with the sensations 
immediately received, thero sro partially excited the myrisde of eoneations 
thot have been in times past reecived fram objects such ss those presented ; 
further, there are partially excited the various incidental feelings that were 
‘experienced on all theao countless past occasions ; and thors are probably 
also excited certain deeper, bat now vague combinations of statos, that 
were organized in tho race during barbarous times, when its pleasurable 
activities wore chiefly among the woods and watert. And out of all these 
‘excitations, some of them acta! bat most of them nascent, is composed the 
‘emotion which a fine landscape produces in wa” 

It is, I think, amply manifest that the processes here 
indicated are not to be taken as intellectual processes—not 
as processes in which recognized relations between pleasures 
and their antecedents, or intelligent adaptations of moans 
to ends, form the dominant clements. ‘Tho state of mind 
produced by an aggregate of picturesque objects is not 
ono resolvable into propositions. The sentimont doos not 
contain within itself any consciousness of causes and con~ 
sequences of happiness. The vague recollections of other 
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Deantiful scenes and other delightful days which it dimly 
Touses, are not aroused becanse of any rational co-ordina- 
tions of ideas that have been formed in bygone years. Mr. 
Hutton, however, assumes that in speaking of the genesis 
of moral feelings as due to inherited experionces of the plea~ 
sures and pains caused by certain modes of conduct, I am 
speaking of rousoned-out expericnces—experionces con- 
sciously accamulated and generalized. Heoverlooks the fach 
that tho genesis of emotions is distinguished from the genesis 
of ideas in this; that whercns the idcns aro composed of 
elements that are simple, definitely related, and (in the 
case of general ideas) constantly related, emotions aro 
composed of enormously complex aggregates of elements 
that are never twice alike, and which stand in relations 
that are never twice alike. ‘Tho difference in the re- 
sulting modes of consciousness is thias—In the genesis 
of an idea the successive experiences, be they of sounds, 
colours, touches, tastes, or be they of the special objects 
which combine many of these into groups, have so much 
in common that each, when it occurs, can be dofinitely 
thought of as like those which preceded it. But in the 
genesis of an emotion the successive experiences 50 far 
differ that each of them, when it occurs, suggests 

experiences which are not specifically similar, but havo 
only a general similarity; and, at the same time, if 
suggests benefits or evils in pasb experience which like- 
wiso are various in their special natures, though thoy have a 
certain community in general nature. Hence it results that 
the consciousness aroused ix a multitudinous, confused con- 
aciousness, in which, along with a certain kind of combina- 
tion among the impressions received from without, thera 
ism vague clond of ideal combinations akin to them, and a 
vague mass of ideal feelings of pleasure or pain which were 
associated with these. We have abundant proof that feel- 
ings grow up without roforence to recognized causes and 
consequences, aud without the possessor of them being able 
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to say why they have grown up; thongh analysis, neverthe~ 
Jess, shows that they have been formed out of connected 
experiences. The familiar fact that a kind of jam which 
was, during childhood, repeatedly taken after medicine, 
may become, by simple association of sensations, 80 nauscous 
that it cannot be tolerated in after-life, illustrates clearly 
the way in which ropugnances may be established by 
habitual association of feelings, without any belief in causal 
connexion; orrather, in spite of the knowledge that there ix 
no causal connexion. Similarly with pleasurable emotions. 
‘The cawing of rooks is not in itsclf an agreeable sound: 
musically considered, it is very much the contrary. Yeb 
the cawing of rooks usually produces in people feclings of 
9 grateful kind—foeelings which most of them suppose to 
result from the quality of the sound itself. Only the few 
who are given to self-analysis are aware that the cawing of 
rooks is agreeable to them because it has been connected 
with countless of their greatest gratifications—with the 
gathering of wild flowers in childhood; with Saturday- 
afternoon excursions in school-boy days; with midsummer 
holidays in the country, when books were thrown aside and 
lessons were roplaced by games and adventures in tho 
fields ; with fresh, sunny mornings in after-years, when a 
walking excursion was an immense relief from toil. As it 
is, this eound, though not causally related to all theses 
moltitudinons and varied past delights, but only often 
associated with them, can no more be heard without rousing: 
‘n dim consciousness of these delights, than the voice of an 
old friend unexpected!y coming into the house can be heard 
without suddenly raising a wave of that fecling that has 
rosulted from the pleasures of past companionship. If wo 
are to understand the genesis of emotions, either in the 
individaal or in the race, we most take account of this 
all-important process. Mr. Hutton, however, apparently 
overlooking it, and not having reminded himself, by refer- 
ring to the Principles of Psychology, that I insist upon it, 





repreeents my hypothesis to be that a certain sentiment 
results from the consolidation of intellectual conclusions! — 
‘Ho speaks of me as believing that “what seems to us now 
the ‘necessary’ intuitions and a prioré assumptions of 
human nature, are likely to prove, when scientifically 
analysed, nothing but a similar conglomeration of our 
ancostors’ best observations and most useful empirical rules’? 
He supposes me to think that men having, in past times, 
come to ee that trothfulness was useful, “the habit of 
approving truth-speaking and fidelity to engagoments, 
which was first based on this ground of utility, became so 
rooted, that the utilitarian ground of it was forgotten, and 
we find ourselves springing to the belief in truth-speaking: 
and fidelity to engagements from an inherited tendency.” 
Similorly throughout, Mr. Hutton has so used the word 
“utility,” and so intorpreted it on my behalf, as to make 
me appear to mean that moral eentiment is formed out of 
conscious generalizations respecting what is bonoficial and 
what detrimental. Were such my hypothesis, his criticisms 
would be very much to the point; bub as such ix nob my 
hypothesis, they fall to the ground. The experiences of 
utility I refer to are those which become registered, nob as 
distinctly recognized connexions between certain kinds of 
acts and certain kinds of remote results, but those which 
become registered in the shape of associations betwoon 
groups of feelings that have often recurred together, 
though the relation between them has not been conscionsly. 
generalized—associations the origin of which may be ag 
little perosived as is the origin of the pleasure given by 
the sounds of a rookery; bub which, nevertheless, have 
‘arisen in the courso of daily converse with things, and serve 
‘88 incentives or deterrenta, 

Tn the paragraph which Mr. Hutton has extracted from 
my letter to Mr. Mill, I have indicated an analogy between 
those effects of emotional experiences out of which I believe 
moral sentiments have been developed, and those effects of 
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intollectual experionces out of which I beliove spaco-intui- 
tions have been developed. Rightly considering that the 
first of these hypotheses cannot stand if the last is dis- 
proved, Mr, Hutton has directed part of his attack against 
this last. Bat would if not have been well if he had 
referred to the Principles of Psychology, whwre this last 
hypothesis is set forth ab length, before criticising it? 
Would it not have been well to give an abstract of my own 
description of the process, instead of substituting what he 
eupporee my doscription must be? Any one who turns to 
the Principles of Psychology (first odition, pp. 218-245), and 
reads the two chapters, “The Perception of Body as present- 
ing Statical Attributes”, and “The Perception of Space ”, 
will find that Mr. Hutton’s account of my view on this 
matter has given him no notion of the view as it isexpressed 
by me; and will, perhaps, be less inclined to smile than 
he was when he road Mr. Hutton’s account. I cannot here 
do more than thus imply the invalidity of such part of Mr. 
Hutton’s orgument as proceeds upon this incorrect ropro- 
sentation. Tho pages which would be required for properly 
explaining the doctrine that space-intuitions result from or- 
ganized experiences may be better used for explaining this 
analogous doctrine at present before us. ‘This I will now 
endeavour to do; not indirectly by correcting misapprehon- 
sions, bub directly by an exposition which shall be as brief 
as the extremely involved nature of the process allows. 

An infant in arms, when old enough to gaze at objects 
around with some yague recognition, smiles in response to 
the laughing faco and soft carossing voico of its mothar, 
Let there come some one who, with an angry face, speaks 
to it in lond, harsh tones. The smile disappears, the 
features contract into an expression of pain, and, beginning: 
to ery, it turns away its head, and makes such movements 
of escape as are possible. What is the meaning of these 
facts? Why does not the frown make it smile, and the 
mother’s laugh make it weep? There is but one answer. 
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Alrendy in its developing brain there is coming into play 
the structure through which one cluster of visual and 
auditory impressions excites pleasurable feelings, and tho 
structure through which another cluster of visual and 
wuditory improssions oxcites painful feelings. ‘The infant 
knows no more about the relation existing botween a 
ferocious expression of faco, and the evils which may follow 
perception of it, than the young bird just out of its noat 
knows of the possible pain and death which may be inflicted 
by a man coming towards it; and as certainly in the one 
case as in the other, the alarm felt is due to a partially- 
established nervous stractare. Why does this partially- 
established nervous structure betray its presence thus early 
in the human being? Simply because, in the past expe- 
riences of the human race, smiles and gentle tones in those 
around have been the habitual accompaniments of plea 
surable feelings; while pains of many kinds, immediate and 
more or less remote, have been continually associnted with 
the impressions received from knit brows, aud set teeth, and 
grating voice. Much deeper down than the history of the 
human race must we go to find the beginnings of these 
connexions. The appearances and sounds which excite in 
tho infant a vaguo dread, indicato danger; and do eo 
because they are the physiological accompaniments of 
destructive action—some of them common to man and 
inferior mammals, and consequently understood by inferior 
mammals, as every pappy shows us. What’ we call the 
natural language of anger, is due to a partial contraction of 
those muscles which actual combat would call into play; 
and all marks of irritation, down to that passing shade over 
the brow which accompanies slight annoyance, are incipient 
stages of these same contractions, Conversely with the 
nataral language of pleasure, and of that state of mind 
which we call amicable feeling: this, too, has a physiolo- 
gical interprotation.* 

* Horeafier I hope to elucidate at length these phenomena of expression, 
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‘Let us pass now from tho infant in arms to the children 
in the nursery. What have the experiences of each been 
doing in aid of the emotional development we are consider- 
ing? While its limbs have been growing more agile by 
exercise, its manipulative skill increasing by practice, its 
perceptions of objects growing by use quicker, more accurate, 
more comprehonsivo; the associations between these two 
sete of impressions received from those around, and the 
pleasures and pains received along with them, or after them, 
have been by frequent repetition made stronger, and their 
adjustments better. The dim sense of pain and the vague 
glow of delight which the infant felt, have, in the urchin, 
severally taken shapes that are more definite. The angry 
voice of # nursemaid no longer arouses only a formless 
feeling of dread, but also o specific idea of the slap that 
may follow. The frown on the faco of a biggor brother, 
along with the primitive, indefivable sense of ill, brings the 
ideas of ills that are definable as kicks, and cuffs, and 
pullings of hair, and losses of toys. ‘The faces of parents, 
looking now sunny, now gloomy, have grown to be respece 
tively associated with multitudinous forms of gratification 
and multitudinous forms of discomfort or privation. Hence 
these appeorances and sounds, which imply amity or enmity 
in those around, become symbolic of happiness and misery ; 
®o that eventually, perception of the ono set or the other 
ean scarcely occur without raising a wave of pleasurable 
feeling or of painful feeling. The body of this wave is etill 
substantially of the same nature as ib was ab first; for 
though in each of these multitudinous experiences a special 
set of facial and vocal signs has been connected with a 
special sct of pleasures or pains; yet since those pleasures 
or pains have been immonscly varied in their kinds and 
combinations, and ince the eigns that preceded them were 
‘Por the present, f ean refer only to such farther indications os are contained 
io two essays on “The Physiology of Laughter” and “ The Origin and 
Funetion of Muxic."* 


minous. The thousands of partially-aroused i 

from past expericnces aro massed together and 

80 as to form an aggregate in which nothing is distinct, bub — 
which has the charactor of being pleasurable or painful 
according to the nature of its original components: the 
chief difference between this developed feeling and the 
feeling aronsed in the infant being, that on bright or dark 
background forming the body of it, may now be sketched 
out in thought the particular pleasures or pains which the 
particular circumstances suggest as likely. 

What must be the working of this process under the 
conditions of aboriginal life? Tho emotions given to the 
young savage by the natural language of love and hate in 
the members of his tribe, gain first a partial definituness in 
reapoct to his intercourse with his family and playmates; 
and he learns by experience the utility, in so far as his own 
ends are concerned, of avoiding courses which call from 
others manifestations of anger, and taking courseswhich call 
fromthemmanifestations of pleasure. Notthatheconsciously 
genoralizes. He does not at that age, probably not at any 
age, formulate his experiences in the general principle that 
it is well for him to do things which bring smiles, and to 
avoid doing things which bring frowns. What happens is 
that having, in the way shown, inherited this connexion 
botween the perception of anger in others and the feeling 
of dread, and having discovered that certain acts of his 
bring on this anger, he cannot subsequently think af eom- 
mitting one of these acts without thinking of the resulting 
anger, and fooling more or less of the resulting dread. Ho 
has no thought of tho utility or inutility of tho act itself: the 
deterrent is the mainly vague, but partially definite, fear of 
evil that may follow. So understood, the deterring emotion 
is one which has grown out of experiences of utility, wang 
that word in its ethical sense; und if we ask why this 

















dreaded anger is called forth from others, we shall babitually 
find that it is because the forbidden act entails pain some- 
where—is negntived by utility, On passing from domestic 
injunctions to injunctions current in the tribe, we seo no leas 
clearly how theso emotions produced by approbation and 
roprobation come to be connected in experience with actions 
which are beneficial to the tribe, and actions which are 
» detrimental to the tribe; and how there consequently grow 
up incentives to the one class of actions and prejudices 
against the athor class, From early boyhood the young 
savage hears recounted the daring doeds of his chief—hears 
thom in words of praise, nnd aces all faces glowing with 
admiration. From timo to timo also he listens while some 
one’s cowardice i described in tones of scorn, and with 
contemptuous metaphors, and sees him moet with derision 
and insult whenever he appears. Thut is to say, one of the 
things thut come to be associatod in his mind with smiling 
faces, which are symbolical of pleasures in general, is 
cournge; and one of the things that come to be associated 
in his mind with frowns and other marks of enmity, which 
form his symbol of unhappiness, is cowardice, These 
feelings aro not formed in him because he has reasoned his 
way to the truth that courago is useful to the tribe, and, by 
implication, to himself, or to the truth that cowardice is a 
cause of evil. Tn adult life he may perhaps sce this; but 
he certainly does not see ib at the time when bravery is 
thus joined in his consciousness with all that is good, and 
cowardice with nll that is bad. Similarly there are pro- 
duced in him feclings of inclination or repugnance towards 
othor lines of conduct that have become established or intex- 
dicted, because they are benoficial or injurious to the tribe; 
though neither the young nor the adults know why they 
have become established or interdicted. Instance the 
praiseworthiness of wife-stenling, and the viciousness of 
marrying within the tribe. 
We may now ascend » stage to on order of incentives 
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and restraints derived from these. The primitive belief ix 
that every dead man becomes a demon, who is often some- 
where at hand, may at any moment return, may give aid or 
do mizchief, and has to be continually propitiated. Heneo 
among other agents whose approbation or reprobation are 
contemplated by the savage as consequences of his 

are the spirits of his ancestors. When a child he is told of 
thoir deeds, now in triamphant tones, now in whispers of 
horror; and the instilled belief that they may inflict some 
vagaely-imagined but fearful evil, or give some great help, 
becomes a powerful incentive or deterrent. Eapecially 
does this happen when the story is of a chief, distinguished 
for his strongth, his ferocity, his persistence in that revenge 
‘on enemies which the experiences of the savage make him 
regard as beneficial and virtuous. The consciousness that 
such a chief, dreaded by neighbouring tribes, and dreaded, 
too, by members of his own tribe, may reappear and punish 
those who have disregarded his injunctions, becomes a 
powerful motive. But itis clear, in the first place, that the 
imagined angorand the imagined eatisfaction of this deified 
chief, aro sitaply transfigured forms of the anger and satis. 
faction displayed by those around; and that the feelings 
accompanying such imaginations have the same original 
root in the experiences which have associated an average 
of painful results with the munifestation of another's 
anger, and an average of pleasurable results with the 
manifestation of another’s satisfaction. And it is clear, 
in tho sccond place, that the actions thus forbidden and 
encouraged must be mostly actions that are respectively 
detrimental and beneficial to the tribo; since the successful 
chief ix usually a better judge than the rest, and has the 
preservation of the tribe at heart. Hence experiences of 
ulility, consciously or anconsciously organized, underlie his 
injunctions; and the sentiments which prompt obedience 
‘are, thongh very indircctly and without the knowledge of 
those who fecl them, referable to experiences of utility. 
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‘This transfigured form of restraint, differing at first bub 
little from the original form, admits of immense develop- 
ment. Accumulating traditions, growing in grandour asthey 
are repeated from generation to generation, make more and 
more superhuman the early-recorded hero of the race. His 
powers of inflicting punishment and giving happiness be- 
come ever greater, more multitudinous, and more varied ; 
so that the dread of divine displeasure, and the desire to 
obtain divine approbation, acquire a certain largenoss and 
gonerality. Still the conceptions remain anthropomorphic. 
‘The revengeful deity continues to be thought of in terms 
of human emotions, and continues to be represented os 
displaying these emotions in human ways. Moreover, the 
sentiments of right and duty, so far as they have become 
developed, refer mainly to divine commands and interdicts ; 
and have little reference to the natures of the acts com- 
manded or interdicted. In the intended offering-up of 
Isaac, in tho sncrifico of Jephthah’s daughter, and in the 
hewing to pieces of Agag, a3 much as in the countless 
atrocities committed from religious motives by various early 
historic races, as by some existing savage races, we see that 
the morality and immorality of actions, as we understand 
them, are at first little recognized ; and that the feelings, 
chiefly of dread, which serve in place of them, are feelings 
felt towards the unseen beings supposed to issue the com- 
mands and interdicts. 

Here it will be aaid that, as just admitted, theso aro not 
the moral sentiments properly so called. They are simply 
sentiments that precede and make possible those highest 
sentiments which do not refer either to personal benefits or 
evils to be expected from men, or to more remote rewards 
and punishments, Several comments are, however, culled 
forth by this criticism. One is, that if we glance back at 
past beliefs and their corrolative feelings, as shown in 
Dante's poom, in the mystery-plays of the middle ages, in 
St. Bartholomew massacres, in burnings for heresy, wo got 
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proof that in comparatively modern times right and wrong — 
meant little else than subordination or insubordination—to- 
a divine ruler primarily, and under him to a human raler. 
Another is, that down to our own day this conception 
largely prevails, and is even embodied im elaborate ethical 
works—instance the Essays on the Principles of Morality, 
by Jonathan Dymond, which recognizes no ground of moral 
obligation save the will of God as expressed in the current 
creed, And yet a farther is, that while in sermons the 
torments of the damned and the joys of the blessed are 
set forth as the dominant deterrents and incentives, and 
while we have prepared for us printed instructions “ how 
to mnke the best of both worlds,” it cannot be denied 
that the feelings which impel and restrain men aro still 
largely composed of elements like those operative on the 
savage : the dread, partly vague, partly epecific, associated 
with the idea of reprobation, human and divine, and the 
sense of satisfaction, partly vague, partly specific, associated 
with the idea of approbation, haman and divine. 

But during the growth of that civilization which has 
been made possible by these ego-altruistic sentiments, there 
have been slowly evolving tho altruistic sentiments. De~ 
velopment of these has gone on only as fast as eociety has 
advanced to a state in which the activities are mainly 
peaceful. The root of all the altruistic sontiments iz 
sympathy; and sympathy could become dominant only 
when the mode of life, instend of being one that habitually 
inflicted direct pain, became one which conferred direch 
and indirect benefits: the pains inflicted being mainly 
incidental and indirect. Adam Smith made « large step 
towards this trath when he recognized sympathy as giving 
igo to those euporior controlling emotions, His Theory 
of Moral Sentiments, however, requires to be supplemented 
in two ways. Tho natural procoss by which sympathy 
becomes developed into a more and more important element 
of human nature has to be explained; and there has also 
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to be explained the process by which sympathy produces 
the higheat and most complex of the altruistic sentimente— 
that of justice. Respecting the first process, I can here do 
no more than say that sympathy may be proved, both 
inductively and deductively, to be the concomitant of 
greguriousness: the two having all along increased by 
reciprocal aid. Multiplication has ever tended to force 
into an association, more or less close, all creatures having 
kinds of food and supplies of food that permit association ; 
and cetablished psychological laws warrant tho inference 
that somo sympathy will inevitably result from habitual 
manifestations of feelings in presence of one another, and 
that tho gregariousness being augmented by the increase of 
sympathy, further facilitates the development of sympathy. 
But there are negative and positive checks upon this deve- 
lopment—negative, because sympathy cannot advance faster 
than intelligence advances, since it presupposes the power 
of interproting tho natural Iangungo of the various feelings, 
and of mentally representing those feeling; positive, be- 
causo the immediate needs of self-proservation are often at 
variance with its promptings, as, for example, during the 
predatory stages of human progress. For explanations of 
the second process, I must refer to the Principles of Paycho- 
logy (§ 202, first edition, and § 215, second edition) and to 
Social Statics, part ii. chapter v.* Asking that in default 
of space these explanations may be taken for granted, leb 
mo here point out in what senso oven sympathy, and the 
sentiments that result from it, are due to experience of 
utility. If we suppose all thought of rewards or punish- 
ments, immediate or remote, to be loft ont of consideration, 
it is clear that any one who hesitates to inflict a pain because 


"I may add that in Social Staticr, chap, xxx., I have indicated, in a general 
‘Way, the causes of the development of sympathy and the restraluts upon its 
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of the vivid representation of that pain which rises in his 
consciousness, is restrained, not by any sense of 

or by any formulated doctrine of utility, but by the painfal 
association ostablishod in him, And it is cloar that if, after 
repeated experiences of the moral discomfort he has felt 
from witnessing the unhappiness indirectly eansed by somo 
of his acts, he is led to check himself when again tempted 
to those acts, the restraint is of like nature. Conversely 
with tho pleasure-giving acts: repetitions of kind deeds, and 
experiences of the sympathetic gratifications thab follow, 
tend continually to make stronger the association between 
such doods and foolings of happiness. 


Eventually these experiences may be consciously genoral- 7 


ized, and there may result a deliberate pursuit of aympa- 
thetic gratifications. There may also come to be distinctly 
recognized the truths that the remoter results, kind and 
unkind conduct, are respectively beneficial and detrimen- 
tal—that due regard for others is conducive to ultimate 
personal welfare, and disregard of others to ultimate per- 
sonal disaster; and then there may become current such 
summations of experience as “ honesty is tho best policy.” 
Bat so far from regarding these intellectual recognitions 
of utility as preceding and causing the moral sentiment, T 
rogard the moral sentiment as preceding such recognitions 
of utility, and making them possible. The pleasures and 
pains directly resulting in experience from sympathetic and 
ubsympathetic actions, had first to be slowly associated 
with such actions, and the resulting incentives and doter- 
rents froquently obeyed, before thero coald arise the per- 
ceptions that sympathetic and unsympathetic actions are 
remotely beneficial or detrimental to the actor; and they 
hud to be obeyed still longer and more generally before 
there conld arise the perceptions that they are socially 
beneficial or detrimental. When, however, the remote 
effects, personal and social, have gained general recog- 
nition, aro exprossed in current maxims, and lead to in 
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junctions having the religious sanction, the sentiments 
that prompt sympathetic actions and check unsympathetic 
ones are immensely strongthoned by their alliances. Ap- 
probation and reprobation, divine and human, come to be 
associated in thought with the sympathetic and unsxym- 
pathetic nections respectively. ‘The commands of the creed, 
the legal penalties, and the code of social conduct, unitedly 
enforce them; and every child as it grows up, daily has 
impressed on it by the words and faces and voices of those 
around the authority of these highest principles of conduct. 
And now we may see why there arises a belief in the 
special sacredness of these highest principles, and a sense 
of the supreme authority of the altruistic sentiments 
answering to them. Many of the actions which, in early 
social states, recaived the religious sanction and gained 
public approbation, had the drawback that such sympathies 
as existed were outraged, and there was hence an imperfect 
satisfaction, Whereas these altruistic actions, while simi- 
larly having tho roligious sanction and gaining public 
approbation, bring a sympathetic consciousness of pleasure 
given or of pain prevented; and, beyond this, bring a 
sympathetic consciousness of human welfare at large, as 
being farthered by making altruistic actions habitual. 
Both this special and this general sympathetic conscions- 
ness become stronger and wider in proportion as the power 
of mental representation increases, and the imagination of 
consequences, immediate and romote, grows more vivid and 
comprehensive. Until at length these altruistic sentiments 
begin to callin question the authority of those ogo-altruiatic 
sentiments which once ruled unchallenged. They prompt 
resistance to laws that do nob fulfil the conception of justi 

encourage men to brave the frowns of their fellows by 
pursuing & course at variance with customs that are per- 
ceived to be socially injurious, and oven cause dissent from 
the current religion; cither to the extent of disbelief in 
those alleged divine attributes and acts not approved by this 


lll 





supreme moral arbiter, or to the extent of entire rejection 
of « creed which ascribes such attributes and acts, 

Much thut is required to make this hypothesis complete 
must stand over until, at the close of the second volame of 
the Principles of Psychology, I have space for a full ex- 
position. What I have said will make it sufficiently clear 
‘that two fundamental errors have boen made in tho inter 
pretation pot upon it. Both Utility and Experience have 
‘been construed in senses mach too narrow. Utility, con- 
venient word as it is from its comprehensiveness, has 
very inconvenient and misleading implications. Tt vividly 
suggests uses, and means, and proximate ends, bub very 
faintly suggests the pleasures, positive or negative, which 
are the ultimate cnds, and which, in tho ethical meaning 
of the word, are alone considered ; and, further, it implies 
conscious recognition of monns and ends —implies the 
deliberate taking of some course to gain a perceived 
benefit. Experience, too, in its ordinary aceeptation, con 
notes definite perceptions of causes and consoquences, a8 
standing in observed relations, and is not taken to include 
the connexions formed in consciousness between states 
that recur together, when the relation between them, causal 
or other, is not perceived. It is in their widest senses, 
however, that I habitually uso theso words, as will bo 
manifest to every one who reads the Principles of Psychology 7 
and it is in their widest sonsos that I have used them in 
the letter to Mr, Mill. I think I have shown sbove that, 

| when they are so understood, the hypothesix briefly set 

' forth in that letter is by no means so indefensible as is 
supposed. At any rate, I have shown—what seemed for 
the present needful to show—that Mr, Hutton’s versions of 
my views must uot be accepted as correct. 


THE COMPARATIVE PSYCHOLOGY OF MAN. 


[Originally read before the Anthropological Iustitute, and after= 
wards published in Mind, for January, 1876,] 


Wane discussing with two members of the Anthropo- 
logical Institute the work to be undertakon by its psycho- 
logical section, I made certain suggestions which they 
requested me to put in writing. When reminded, some 
months after, of the promise I had made to do this, 1 
failed to recall the particular suggestions referred to; but 
in the endeayour to remember them, I was led to glance 
over tho whole subject of comparative human prychology. 
Hence resulted the following paper. 

‘That making a general survey is useful as a preliminary 
to deliberate study, either of a whole or of any part, 
scarcely needs showing. Vagueness of thought accom- 
panies the wandering about in a region without known 
bounds or landmarks. Attention devoted to some portion 
of a subject in ignorance of its connexion with the rest, 
leads to untrne conceptions. Tho whole cannot be rightly 
conceived without ome knowledge of the parte; and no 
part can be rightly conceived out of relation to the whole, 

To map out the Comparative Psychology of Man must 
also conduce to the more methodic carrying on of inquiries. 
Tn this, as in other things, division of labour will facilitate 


li 
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progress; and that there may bo Pee fs labour fle 
work iteelf must be systematically di 

We may conveniently separate ana entire subject into 
three main divisions, and may arrange them in the orde: 
of increasing speciality. 

The first division will treat of the degrees of mental 
evolution of different human types, generally considered : 
taking account of both the mass of mental manifestation 
and the complexity of mental manifestation. ‘This division 
will include the relations of these characters to physical 
characters—the bodily mass and structure, and the cerebral 
mass and structure. It will also include inquiries con- 
cerning the time taken in completing mental evolution, and 
the time daring which adult mental power lasts; as well 
‘as certain most general traits of mental action, such as the 
greater or Jess persistence of emotions and of intellectual 
processes, ‘The connexion betwoon the general mental 
type and the general social type should also be here 
dealt with. 

In the second division may be conveniently placed apart, 
inquiries concerning the relative mental natures of tho 
sexes in each race, Under it will come such questions as 
these :—What differences of mental mass and mental com= 
plexity, if any, existing between males and females, are 
common to allraces? Do such differences vary in degree, 
or in kind, or in both? Are there reasons for thinking 
that thoy are liable to change by increase or docroase 
What relations do they bear in each case to the habite of 
life, the domestic arrangements, and the social arrango- 
menta? This division should also include im its scope the: 
sentiments of the sexes towards one another, considered ag 
varying quantitatively and qualitatively; os well as their 
respective sentiments towards offspring, similarly varying. 

For the third division of inquiries may be reserved the 
more gpecia] mental traits distinguishing different typos of 
mon. One class of such specialitica results from differences 
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of proportion among faculties possessed in common; and 
another class results from the presence in some races of 
faculties that arc almost or quite absent from others. Hach 
difference in each of these groups, when established by 
comparison, has to bo studied in connexion with the stage 
of mental evolution reached, and has to be studied in 
connexion with the habits of life and the social develop 
mont, regarding it as related to these both as canse and 
a8 Consequence. 

Such being the outlines of these several divisions, let us 
now consider in detail tho subdivisions contained within 
cach, 


I.—Under the head of general mental evolution we may 
begin with the trait of— 

1, Mental mose.—Daily experionces show us that kaman 
beings differ in volume of mental manifestation, Some 
there are whose intelligence, high though it may be, pro- 
duces little impression on those around; whilo there are 
some who, when uttering even commonplaces, do it so as 
to affect listeners ina disproportionate degree. Comparison 
of two euch, makes it manifoat that, gonorally, the dif- 
ference is due to the natural language of the emotions. 
Behind the intellectual quicknoss of the ono there is not 
felt any power of character; while the other betrays a 
momentum capable of bearing down opposition—a poten- 
tiality of emotion that has something formidable about 
it. Obviously the varieties of mankind differ much in 
respect of this trait. Apart from kind of feeling, they are 
unlike in amount of feeling. The dominant races overran 
the inferior racos mainly in virtue of tho groator quantity 
of energy in which this greater mental mass shows iteolf, 
Hence a series of inquiries, of which these are some :—(a) 
‘What is the relation between mental muss and bodily mass? 
Manifestly, the small races are deficient in it, But it also 
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appears that races much upon « par io sige~as, for 


instance, an Englishman and a Damara, differ 

in mental mass. (b) ‘What is ita relation to aber eS beaeaie 
and, bearing in mind tho general law that in the same 
species, size of brain increases with size of body Nene 
not in the same proportion), how far can we connect the 
extra mental mass of the higher races, with an extra mass 
of brain beyond that which is proper to their greater 
bodily muss? (c) What relation, if any, is there between 
mental mass and the physiological state expressed in vigour 
of circulation and richness of blood, as severally determined 
by mode of life and general nutrition? (@) What are the 
rolations of this trait to the social state, as nomadic or 
settled, predatory or industrial ? 

2. Mental complexity—How races differ in respect of 
the more or less involved stractures of their minds, will 
best be understood on recalling the unlikeness between the 
juvenile wind and the adult mind among ourselves. In 
the child we see absorption in special facts. Generalities 
oven of a low ordor are scarcely recognized, and there is 
no recognition of high generalities. We see interest in 
individuals, in personal adventures, in domestic affairs, but 
no interest in political or social matters. We see vanity 
about clothes and emall achievements, but little sonse of 
justico: witness tho forcible appropriation of one another's. 
toys. While there have come into play many of the 
simpler mental powers, there has not yet been reached 
that complication of mind which results from the addition 
of powers evolved ont of these simpler ones, Kindred differ- 
ences of complexity exist betwoon the minds of lower and 
higher races; and comparisons should be made to ascertain 
their kinds and amounts. Here, too, there may be a sub- 
division of the inquiries. (a) What is the relation between. 
mental complexity and mental mass? Do not the two 
habitually vary together? () What is the relation to the 
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social state, as more or less complex? that is to say—Do 
not mental complexity and social complexity act and react 
on each other f 

3, Rate of mental dovelopment.—In conformity with tho 
biological law that the higher the organisms the longer 
they take to evolve, members of the inferior human races 
may be expected to complete their mental evolution sooner 
than members of the superior races ; and we have evidence 
that they do this. Travellers from many regions comment, 
now on the greab precocity of children among savage and 
semi-civilized peoples, and now on the early arrest of their 
mental progress. Though we scarcely need more proofs 
that this general contrast oxists, there remains to be asked 
the question, whether it is consistontly maintained through- 
ont all gronps of races, from the lowest to the highest— 
whether, say, the Australian diffors in this respect from the 
Hindu, as much as the Hindu does from the European. 
Of secondary inquiries coming under this sub-head may be 
named several. (a) Is this more rapid cyolation and 
carlicr arrest always unequally ehown by the two sexes; or, 
in other words, aro there in lower types proportional 
differences in rate and degree of development, such as 
highor types show ux? (b) Ix thore in many cnsos, as thers 
appears to be in some cases, a traceable relation between 
the period of arrest and the period of puberty? (c) Ts 
mental decay early in proportion as mental evolution is 
rapid? (d) Can we in other respects assert that where 
tho type is low, the entire cycle of mental changes between 
birth and death—ascending, uniform, descending—comes 
within a shorter interval? 

4. Relative plasticity—Is there any relation between the 
degree of mental modifiability which remains in adult life, 
and the charncter of the mental evolution in respect of mass, 
complexity, and rapidity? The animal kingdom at largo 
yields reasons for associating an inferior and more rapidly- 
completed mental stracture, with a relatively automatio 


individual experiences, , 
ee nee become less Se 
pre-established limits; and as we approach the highest 
creatures, individual experiences take larger and larger 
shares in moulding the conduct: there is an increasing 
ability to take in new impressions and to profit by the 
acquisitions. Inferior and superior human races are con~ 
trasted im this respect. Many travellers comment on tho 
uochangeable habits of eavages, Tho somi-civilized nations 
of the East, past and prosont, were, or are, characterized 
by a greater rigidity of custom than charactorizos the more 
civilized nations of the West. The histories of the most 
civilized nations show us thot in their earlier times, the 
modifiability of ideas and habits was less than it is at 
present. And if we contrast classes or individuals around 
‘us, wo sce that the most devcloped in mind are the most 
plastic. To inquirics respecting this trait of comparative 
plasticity, in ita relations to precocity and early completion 
of mental development, may fitly be added inquiries respect- 
ing its relations to the social state, which it helps to 
determine, and which reacts upon it. 

b. Variability—To say of w mind thab its actions aro 
extremely inconstant, and at the same time to say that it is 
of relatively unchangeable nature, apparently implies a con= 
tradiction. When, however, the inconstancy is understood 
as referring to the manifestations which follow one another 
from minute to minuto, and the unchangoableness to the 
average manifestations, extending over long periods, the 
apparent contradiction disappears; and it becomes com- 
prehensible that the two traits may, and ordinarily do, co- 
exist. Aninfant, quickly wearied with each kind of percep- 
tion, wanting ever a now object which it soon abandons 
for something clsc, and alternating a score times a day 
betwoon smiles and tears, shows ue a very small persistenco 














TOR COMPARATIVE PSYCHOLOGY OF MAN. 857 


in cach kind of mental action: all its states, intellectual and 
emotional, are transiont. Yot at the samo time its mind 
cannot be easily changed in character, True, it changes 
spontaneously in due course; but it long remnins incapable 
of receiving ideas or emotions beyond those of simple 
orders, The child exhibits less rapid variations, intellec- 
tual and emotional, while its educability is greater. Inferior 
human races show us this combination: great rigidity of 
general character with great irregularity in its passing 
manifestations. Speaking broadly, while thoy resist per- 
manent modification, they lack intellectual perzistenes, and 
they Inck emotional persistence. Of various low types wo 
read that they cannot keep the attention fixed beyond a few 
minotes on anything requiring thought, even of a simplo 
kind. Similarly with their feclings: these are leas enduring 
than those of civilized men. There are, however, qualifica- 
tions to be made in this statement; and comparisons are 
needed to ascertain how far these qualifications go. The 
snvage shows great persistence in the action of tho lower 
intellectual faculties. He is untiring in minute observation. 
He is untiring, also, in that kind of perceptive activity 
which accompanies tho making of hix weapons and orna- 
ments: often persevering for immense periods in carving 
stones, &, Emotionally, too, he shows persistence nob 
only in the motives prompting these small industries, bub 
also in certain of his passions—especially in that of revenge. 
Hence, in studying the degrees of mental variability shown 
us in the daily lives of the different races, we muzt ask how 
far variability characterizes the whole mind, and how far it 
holds only of parts of the mind. 

6. Impulsivencse.—This trait is closely allied with tho 
last: unenduring emotions are emotions which sway the 
condact now this way and now that, without any consiste 
eucy. The trait of impulsiveness may, however, be fitly 
dealt with separately, becauso it has other implications than 
mere lack of persistence. Comparisons of the lower human 
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races with the higher, appear generally to show 

with brovity of tho passions, thero goes violence. — 
sudden gusts of feeling which mon of inforior types 

are excessive in degree as hepa 
there is probably a connexion between these two traits: 
intensity sooner producing exhaustion. Observing that 
the passions of childhood illustrate this connexion, let us 
turn to certain interesting questions concerning the decrease 
of impulsiveness which accompanies advance in evolution, 
‘Tho nervous processes of an impulsivo being, are leas 
remote from reflex actions than are thoze of an unimpulsive 
being. In reflex actions we see o simple stimulus passing: 
snddenly into movement: little or no control being exercised 
by other parts of the nervous system. As we ascend to 
higher actions, guided by more and more complicated com~ 
binations of stimuli, there is not the same instantaneous: 
discharge in simple motions; but there is » comparatively 
deliberate and more variable adjustment of compound 
motions, duly restrained and proportioned. It ie thus with 
the passions and sentiments in the less developed natures. 
and in the more developed natures. Where there is but 
little emotional complexity, an emotion, when excited by 
some occurrence, explodes in action before the other 
emotions have been called into play; and each of these, 
from time to time, does the like. But the more complex 
emotional structure is one in which these simpler emotions 
oro 80 co-ordinated that they do not act independently. 
Before excitement of any one has had time to cause action, 
some excitement has boon communicated to othere—often 
antagonistic ones; and the conduct becomes modified in 
adjustment to the combined dictates. Heneo results a 
Aecreased impulsiveness, and also a greater persistence. 
Tbe conduct pursued, being prompted by several emotions 
co-operating in degrees which do not exhaust them, 
acquires m greater continuity; and while spasmodic force 
becomes less conspicuous, there is an increase in tho total 











‘THE COMPARATIVE PSYCHOLOGY OF MAN. 359 


energy. Examining the facts from this point of view, there 
are sundry questions of interest to be put respecting the 
different races of men. (a) To what other traits than 
degree of mental evolution is impulsiveness related ? Apart 
from difference in elevation of typo, the Now-World racos 
seem to be less impulsive than the Old-World races. Is 
this due to constitutional apathy? Cun there be tracod 
(other things equal) « relation between physical vivacity 
and mental impulsiveness? (6) What connexion ix there 
between this trait and the social state? Clearly a very 
explosive nature—such aa that of the Bushman—is unfit 
for social union; and, commonly, social union, when by 
any means established, checks impulsiveness. (c) What 
respective shares in checking impulsiveness are taken by 
the feolings which the social state foaters—asuch as the fear 
of surrounding individuals, the instinct of sociality, the 
desire to accumulate property, the sympathetic feelings, the 
sentimentof justice? These, which require a social environ~ 
ment for their development, all of them involve imagina- 
tions of consequences more or less distant; and thus imply 
checks upon the promptings of the simpler passions. Hence 
ariso the questions—In what ordor, in what degroos, and in 
what combinations, do they come into play? 

7. One further general inquiry of a different kind may bo 
added. What effect is produced on mental nature by 
mixture of races? There is reason for believing that 
throughont the animal kingdom, the union of varieties 
which have become widely divergent is physically injarious ; 
while the union of slightly divergent varictics is physically 
beneficial. Does the like hold with the montal nataro? 
Some facts seem to show that mixture of human races 
extremely unlike, produces a worthless type of mind—a 
mind fitted neither for the kind of life led by the higher 
of the two races, nob for that led by the lower—a mind 
out of adjustment to all conditions of life. Contrariwise, 
wo find that peoples of the same stock, slightly differenti- 
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generations, produce by mixture a mental type D 
certain superiorities, In his work on The Huguenots, Mr, 
‘Smiles points out how large a number of distinguished mon 
among us have descended from Flemish and French 
rofagees; and M. Alphonse de Candolle, in his Histoire 
des Sciences et dea Savants depuis deuw Bitcles, shows that 
the descendants of French refugees in Switzerland have 
produced an unusually great proportion of scientific men. 
Though, in part, this result may be ascribed to the original 
natures of such refugees, who must have had that inde- 
pendence which is a chief factor in originality, yet it is 
probably in port due to mixtures of races. For thinking: 
this, we have evidence which is not open to two interpreta- 
tions. Prof. Morley draws attention to the fact that, 
during seven hundred years of our early history “tho best 
genius of Boglond sprang up on the line of country in 
which Celts and Anglo-Saxons came together.” In like 
manner Mr. Galton, in his English Mon of Science, shows 
that in recent days these have mostly come from an inland 
rogion, ranning generally from north to south, which we 
may reasonably presume contains more mixed blood than 
do the regions east and west of it. Such m result seoms. 
probable a priori, Two vatures respectively adapted to 
slightly unlike sets of social conditions, may be expected 
hy their union to produce a nature somewhat more plastic 
than either—a nature more impressible by the new ciroum- 
tances of advancing social life, and therefore more likely to 
originate now ideas and display modified sentiments, Tho 
Comparative Psychology of Man may, then, fitly inclade 
the mental effects of mixture; and among derivative in- 
quiries we may ask—How far the conquest of race by race 
has been instrumental in advancing civilization by aiding 
mixture, as well as in other ways. 


IL—The second of the threo leading divisions named 
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nt tho outset ix lonx extensive. Still, concerning the 
relative mental natores of the sexes in each race, qnes~ 
tions of much interest and importance may be raised. 

1, Degree of difference betucen the sexes.—Ib is an ea- 
tablished fact that, physically considered, the contrast 
between malos and fomales is not equally great in all 
types of mankind. The bearded races, for instance, show 
us a greater unlikeness betwoon the two than do the 
beardless races, Among South American tribes, men and 
women have « greater general resemblance in form, &e., 
than is usual elsewhere, The question, then, suggests 
itseli—Do the mental natares of the sexes differ in a 
constant or in o variable degree? ‘The difference is 
unlikely to bo a constant one; and, looking for variation, 
‘wo may ask what is its amount, and under what condi- 
tions does it occur? 

2. Difference in mase and in complecity.—The compari- 
sons between the sexes, of course, admit of subdivisions 
parallel to those made in the comparisons between rucns, 
Relative mental mass and relative mental complexity have 
chiefly to be observed. Assuming that the great inequality 
in the cost of reproduction to the two sexes, is the cause of 
unlikeness in mental mass, as in physical masa, this differ- 
ence may be studied in connexion with reproductive 
differences presented by the various races, in respect of the 
ages at which reproduction commences, and the periods 
over which it laste. An allied inquiry may be joined with 
this; namely, how far the mental developments of the two 
sexes are affected by their relative habits in respect to 
food and physical exertion? In many of the lower races, 
the women, treated with groat brutality, are, physically, 
much inforior to the men: excess of labour and defoct of 
nutrition being apparently the combined causes. Is any 
arrest of mental development simultangously caused t 

8. Variation of the differences—If the unlikeness, 





362 THE COMPARATIVE PSYCHOLOGY OF MAN, 


Physical and mental, of tho sexes is not constant, then, 
supposing all races have diveryed from one original stock, 
it follows that there must have been transmission of 
accumulated differences to those of the same sex in pos- 
terity, If, for instance, the prehistoric type of man was 
beardloss, then the production of a bearded variety implios 
that within that variety the males continued to transmit an 
increasing amount of board to descendants of the same 
sex. This limitation of heredity by sex, shown ua in multi- 
tndinous ways throughout the animal kingdom, probably 
applies to the cerebral structures as much as to other 
structures. Hence the question—Do not the mental 
natures of the sexes in alien typos of Man divergo im 
unlike ways and degrees? 

A. Causen of tho diffaronces-—Aro any relations to be 
traced between these variable differences and the variable 
parts the sexes play in the business of life? Assuming 
the cumulative effects of habit on function and structare, 
ax well as the limitation of heredity by sex, it is to be 
expected that if, in any society, the activities of one sex, 
generation after generation, differ from those of the other, 
there will arise sexual ndaptations of mind. Some in- 
stances in illustration may be named. Among the Africans 
of Loango and other districts, as also nmoug some of the 
Indian Hill-tribes, the men and women aro strongly 
contrasted as respoctively inert and energetic: the industry 
of the women having apparently become so natural’ ta 
them that no coercion is necded. Of course, such facts 
suggest an extensive series of questions. Limitation of 
heredity by sex may account both for those sexual 
differences of mind which distinguish men and women in 
all races, and for those which distinguish them in each 
race, or each society. An interesting subordinate inquiry 
may be, how fur such mental differences ara inverted in 
eases where there is inversion of social and domestic 
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relations; as among those Khasi Hill-tribos, whose women 
have so far tho upper hand that they turn off their 
husbands in a summary way if they disploaso them. 

5. Mental modifiability in the two sexes—Along with 
comparisons of races in respect of mental plasticity may 
go parallel comparisons of the sexes in each race. Ts it 
true always, a4 ib appears to be generally trae, that women 
are loss modifiable than men? ‘The relative conscrvatism 
of women—their greater adhesion to established ideas and 
practicos—is manifest in many civilized and semi-civilized 
socioties. Is it so among the uncivilized? A curious 
instance of stronger attachment to custom in women than 
in men is given by Dalton, as occurring among the Juangs, 
one of the lowest wild tribes of Bengal. Until recently the 
only dress of both sexes was something less than that 
which the Hebrew legend gives to Adam ond Eve. Years 
ago the men were led to adopt a cloth bandage round the 
loins, in place of the bunch of leaves; but the women 
adhered to the aboriginal habit: a conservatism shown 
where it might have been least expected. 

6. The sexual sentiment—Results of value may be looked 
for from comparisons of races made to determina the 
amounts and characters of the higher feelings to which the 
relation of the sexes gives riso. The lowest raricties of 
mankind have but small endowments of these feelings, 
Among varictics of higher types, such as the Malayo~ 
Polynesians, these feelings seem considerably developed: 
the Dyaks, for instance, sometimes display them in great 
strongth. Speaking generally, they appear to become 
stronger with the advance of civilization. Several sub- 
ordinate inquiries may be named. (a) How far is develop- 
ment of the sexual sentiment dependent upon intellectual 
advance—upon growth of imaginative power? (b) How 
far is it related to emotional advance; and especially to 
evolution of those emotions which originate from sympathy ? 
What are its relations to polyandry and polygyny? (¢) 
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Does it not tond towards, and is it not fostored by, mono= 

amy? (d) What connexion has it with maintenance of the 

family bond, and the consequent better rearing of children? 
= 


T1L.—Under the third head, to which we may: ocd 
come the more special traits of the different races, - 

1. Imitativeness.—One of the characteristics in which 
the lower types of men show us a smaller departure from 
reflex action than do tho higher types, is. their strong 
tendency to mimic the motions and sounds made by others 
—an almost involuntary habit which travellers find it 
difficult to check. This meaningless. repetition, which 
soems to imply that the idea of an obsorved action cannot 
be framed in the mind of the observer without tending 
forthwith to discharge itself in the action conceived (and 
every ideal action is a nascent form of the consciousness 
accompanying performance of such action), evidently 
diverges but little from the automatic; and decrease of it 
is to be expected along with increase of self-rogulating 
power. This trait of automatic mimicry is evidently allied 
with that less automatic mimicry which shows itself in 
gronter porsistence of customs. For customs adopted by 
each generation from the last without thought or inquiry, 
imply a tendency to imitate which overmasters critical and 
sceptical tendencies: so maintaining habits for which no 
reasons can be given. ‘The decrease of this irrational 
mimicry, strongest in the lowest savage and fooblest in the 
highest of the civilized, should be etudied slong with the 
successively higher stages of social life, as being at once an 
aid and a hindrance to civilization aid in so far as it 
gives that fixity to the social orgunization without which a 
society cannot survive; a hindrance in so far as it offers 
resistance to changes of social organization that have 
‘become desirable. 

2. Jncurionity—Projecting our own natures into the 
cireumstances of the savage, we imagine ourselves as 
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warvelling greatly on first seeing the products and sppli- 
ances of civilized life. But we err in supposing that the 
savage has feelings such as we should have in his place. 
Want of rational curiosity respecting these incomprehensible 
novelties, is a trait remarked of tho lowest races wherever 
found; and the partially-civilized racos are distinguished 
from thom as oxhibiting rational curiosity. The rolation 
of this trait to the intellectual natore, to the emotional 
nature, and to the social state, should be studied. 

8, Quality of thought.—Under this vague head may be 
placed many seta of inquiries, each of them extensive— 
(a) The degree of generality of theideas; (b) the degree of 
abstractness of the ideas; (c) the degree of definiteness 
of the ideas; (d) the degree of coherence of the ideas; (e) 
the extent to which there have been developed such notions 
a8 those of clazs, of cause, of uniformity, of law, of truth. 
Many conceptions which havo become so familiar to us that 
we assume them to be the common property of all minds, 
are no more possessed by the lowest savages than they are 
by our own children; and comparisons of types shonli be 
so made ag to elucidate the processes by which such con- 
ceptions are reached. The development under each head 
hus to be observed—(a) independently in its successive 
stages; (b) in connexion with the co-operative intellectual 
conceptions; (c) in connexion with the progress of language, 
of the arts, and of social organization, Already linguistic 
phenomena have been used in aid of such inquiries; and 
more systematic uso of them-should be mado. Not only 
the number of general words, and the number of abstract 
words, in & people’s vocabulary should be tuken as evidence, 
but also their degrees of generality and abstractness ; for 
there are generalities of the first, second, third, &e., orders, 
and abstractions similarly ascending. Blue is an nbsteac- 
tion referring to one elesa of impressions derived from 
visible objects ; colour is a higher abstraction referring to 
mary such classes of visual impressions; property is a still 
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higher abstraction referring to classes of areca 
received not through the eyes alone, but through other 
sense-organs. Jf generalities and abstractions were 
arranged in the order of their extensiveness and in the 
order of their grades, tests would bo obtained which, 
applied to the vocabularies of the uncivilized, would yield 
definite evidence of the intellectual stages reached. 

4. Peculiar aptitudce—To such specialities of intelli- 
gence as mark differont degrees of evolution, have to be 
ndded minor ones related to modes of life: the kinds and 
degrees of faculty which have becomo organized in adap- 
tation to daily habits—skill in the use of weapons, powers 
of tracking, quick discrimination of individnal objects. 
And under this head may fitly come inquiries concerning 
some race-peculiarities of the wsthetic class, not at present 
explicable. Whilo the remains from the Dordogne caves 
show us that their inhabitants, low as we must suppose 
them to havo been, could represent onimals, both by 
drawing and carving, with some degree of fidelity; there 
aro existing races, probably higher in other respects, who 
seem scarcely capable of recognizing pictorial ropresenta~ 
tions. Similarly with the musical faculty. Almost or 
quite wanting in some inferior races, we find it in other 
races not of high grade, developed to an unexpected 
degree: instance the Negroes, some of whom are so 
innately musical, that, as I have been told by a missionary 
among them, the children in native echoola when taught 
Enaropoan pealm-tunes, spontancously sing seconds to them. 
Whether any causes can be discovered for race peculiari- 
ties of this kind, is a question of interest. 

5. Specialities of emotional nature—These are worthy 
of careful study, as being intimately related to social 
phenomena—to the possibility of social progress, and 
to the nature of the social structure. Among others to be 
noted there are—(a) Gregariousness or sociality—a trait in 
the strength of which racos differ widely: some, as the 
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Montras, being almost indifferent to social intercourse; 
some being unable to dispense with it. Obviously the 
degree of this desire for the presonco of fellow-men, affects 
greatly the formation of social groups, and consequently 
nfluences social progress. (6) Intolerance of restraint. 
Men of some inferior typos, as the Mapuché, are ungovarn- 
able ; while those of other types, no higher in grade, not 
only submit to restraint, but admire the persons exercising 
it. These contrasted natures bave to be observed in con- 
nexion with social evolution; to the éarly stages of which 
they are respectively antagonistic aud favourable.  {e) 
The desire for praise is a trait which, common to all races, 
high and low, varios considerably in degreo. Thore aro 
quite inferior races, as some of those in the Pacific States, 
whose members sacrifice without stint to gain the applause 
which lavish generosity brings; while, elsewhere, applause 
is sought with less eagerness. Notice should be taken of 
the connexion between this love of approbation and the 
social restraints; since it plays an important part in the 
maintenance of them. (d) Tho acquisitive propensity. 
This, too, is a charactor the degrees of which, and the 
relations of which to the social state, have to be especially 
noted. Tho dosire for property grows along with the 
possibility of gratifying it; and this, extremely small 
among the lowest men, increases as social development 
goes on. With the advance from tribal property to family 
property and individual property, the notion of private 
ight of posscasion gains dofiniteness, and the love of 
acquisition strengthens. Each step towards an orderly 
social state makes larger accumulations possible, and the 
pleasures achiovable by them more sure; while the result- 
ing encouragement to accumulate, loads to increase of 
capital and to further progress. ‘This action and reaction 
of the sentiment and the social state, should be in every 
case observed, 

6. The altruistic aentiments—Coming last, these are also 


highest. The evolation of tian i beteoeeae cciviliza= 
tion, shows ns clearly the reciprocal influences of tho social 
unit and the social organism, On the one hand, there can 
‘be no sympathy, nor any of the sentiments which 

generates, unless there aro fellow-beings around, Om the 
other hand, maintenance of union with fel 
depends in part on the presence of sympathy, and the 
resulting reetraints on conduct. Gregariousness or sociality 
favours the growth of sympathy; increased sympathy con- 
duces to closer sociality and a moro stablo social state; and 
80, continuously, each increment of the one makes possible 
u further increment of the other. Comparisons of the 
altruistic sentiments resulting from sympathy, as exhibited 
in different types of men and different social states, may 
be conveniently arranged under three heads— (e) Pity, 
which should be observed as displayed towards offspring, 
towards tho sick and ogod, and towards enemics, (5) 
Generosity (duly discriminated from the love of display) 
as shown in giving; as shown in tho relinquishment of 
pleasures for the sake of others; as shown by active 
efforts on others’ behalf. The manifestations of this 
sentiment, too, are to be noted in respect of their range 
—whether they are limited to relatives; whether they 
extend only to those of the samo society; whether they 
extend to those of othor socicties; and they are also to 
bo noted in connexion with the degree of providence— 
whether they result from sudden impulses obeyed without 
counting the cost, or go along with clear foresight of 
the futuro sacrifices entailed. (c) Justice. This most 
abstract of the altruistic sentiments is to be considered 
under aspects like those just named, as well as under 
many other aspects—how far it is shown in regard to the 
lives of others; how far in regard to their freedom; how 
for in regard to their property ; how far in regard to their 
various minor claims, And comparisons concerning this 
highest sentiment should, beyond all others, bo carriod 
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on along with comparisons of the aecompnnying social 
states, which it largely dotermines—the forms and actions 
of governments; the characters of laws; the relations 
of classes, 


Such, stated as briefly as consists with clearness, are the 
leading divisions and subdivisions under which the Com- 
parative Psychology of Man may be arranged. In going 
rapidly over so wide a fiold, I have doubtless overlooked 
much that chould be included. Doubtless, too, various of 
the inquiries named will branch out into subordinate 
inquiries well worth pursuing. Even as it is, however, the 
programme is extensive enough to occupy nomerous inver- 
tigutors, who may with advantage take separate divisions. 

Though, after occupying themselves with primitive arts 
and products, anthropologists have devoted their attention 
mainly to the physical characters of the human races; it 
must, I think, be admitted that the stady of these yiclds 
in importance to the study of their psychical characters. 
‘Tho general conclusions to which the first set of inquiries 
may lead, cannot so much affect our views respecting the 
highest classea of phenomena as can the general con- 
clusions to which the second set may lead. A true theory 
of the human mind vitally concerns us; and systematic 
comparisons of human minds, differing in their kinds and 
grades, will help us in forming a trae theory. Knowledge 
of the reciprocal relations between the charactere of men 
and the characters of the societies they form, must influ- 
ence profoundly our ideas of political arrangements, When 
the inter-dependence of individual natures and social 
structures is understood, our conceptions of the changes 
now taking place, and hereafter to take place, will be 
rectified, A comprehension of mental development as a 
process of adaptation to social conditions, which are oon- 
tinually remoulding the mind and are again remoulded by 
it, will conduce to u salutary consciousness of the remoter 
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effects produced by institutions upon character; and will 
check the grave mischiefx which ignorant legislation now 
causes. Lastly, a right theory of mental evolution as exhi- 
bited by humanity at large, giving a key, as it does, to the 
evolution of the individual mind, must help to rationalize 
our porverso methods of education; and so to raise intelleo- 
tual power and moral nature, 
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[Piret published in The Contemporary Review, for June, 1872.) 


‘Tue article by Mr. Martineau, in the April number of 
the Contemporary Review, on “'The Place of Mind in Na- 
tare, and Intuition of Man,” recalled to me a partially- 
formed intention to deal with the chief criticisms which 
have from time to time been made on the general doctrine 
sot forth in First Principles; since, though not avowedly 
directed against propositions asserted or implied in that 
work, Mr. Martincau's reasoning tells against them by 
implication, The fulfilment of this intention I should, 
however, have continued to postpone, had I not learned 
that the argumonts of Mr. Martincau are supposed by many 
to be conclusive, and that, in the absence of replies, it will 
be assumed that no replies can be made. It seems desir. 
able, therefore, to notice these arguments at once—especially 
as the essential ones may, I think, be effectually dealt with 
in a comparatively small space. 


The firet definite objection which Mr. Martineau raises 
is, that the hypothesis of Genoral Evolution is powerless to 
account oven for the simpler orders of facts in the absence 
of numerous different substances. He argues that were 
matter all of one kind, no such phenomena as chemical 
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changes would be possible; and that, “in order to start 
tho world on ite chemical carcer, yon must enlarge ite 
capital and present it with an outfit of heterogeneous con- 
stituents. Try, therefore, the effect of such a gift; fling 
into the pre-existing cauldron the whole list of recognized 
elementary substances, and give leave to their affinities to 
work.” Tho intended implication obvionsly is, that there 
must exist the separately-created eloments before evolution 
can begin, 

Here, however, Mr. Martineau makes an assamption 
which few, if any, chemists will commit themselves to, and 
which mang will distinctly dony. There are no “recognized 
elementary substances,” if the expression means substances 
known to be elementary, What chemists, for convenience, 
call elementary substances, are merely substatices which 
they have thus far failed to decompose; but, bearing in 
mind past experiences, they do not dare to say that they 
arc absolutely undecomposable. Water was taken to be 
an element for more than two thousand years, and then 
was proved to be a compound ; and, until Davy brought 
galvanic current to bear upon them, the alkalies and the 
earths were supposed to be elements, So little true is it 
that “recognized elementary substances” are supposed to 
be absolutely clementary, that there has been much speca- 
lation among chemists respecting the process of compound- 
ing and recompounding by which they haye been formed 
out of some ultimate substanco—some chemiste having 
supposed the atom of hydrogen to be the unit of composition, 
but others having contended that the atomic weights of tha 
so-called elements are not thus interpretable. If I remem= 
ber rightly, Sir John Herschel was one, among others, 
who, some five-and-twenty years ago, threw out suggestions 
respecting a system of compounding that might explain 
those relations of the atomic weights. 

What was at that time a suspicion has now become 
practically a certainty. Spectrum-analysis yields results 
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wholly irrecor le with the assumption that the conven- 
tionally-named simple substances are really simple. Each 
yields a spectram having lincs varying in number from 
two to eighty or more, every ono of which implies the 
intercepting of ethereal undulations of a certain order by 
somothing oscillating in unison or in harmony with them. 
Were iron absolutely elementary, it is not conceivable that 
its atom could intercept ethereal undulations of eighty 
different orders. Though it does not follow that its mole- 
cule contains as many separate atoms as thero are lines 
in its spectrum, it must clearly be a complex molecule. 
Tho ovideuce thus gaincd points to the conclusion that, 
out of some primordial units, the so-called elements arike 
by compounding and reeompounding; just as by tho com- 
pounding and recompounding of so-called elements there 
arise oxides, and acids, and salts. 

And this hypothesis is entirely in harmony with the 
phenomena of allotropy. Various substances, convention~ 
ally distinguished as simple, bave several forms under 
which they present quite different properties, The semi- 
transparent, colourless, extremely active substance called 
phosphorus may be so changed as to become opaque, dark 
red, and inert. Like changes are known to oceur in some 
gaseous, non-motallic olomonts, aa oxygen; and also in 
metallic elements, as antimony. These total changes of 
properties, brought abont without any changes to be called 
chemical, are interpretable only as due to molecular re- 
arrangements ; and, by showing that difference of property 
is producible by difference of arrangement, they support 
tho inference otherwise to be drawn, that the properties of 
different clementa result from differencos of arrangemont 
arising by the compounding and recompounding of ultimate 
homogeneous units. 

Thus Mr. Martinenn’s objection, which at best would 
imply » turning of our ignorance of the nature of elements 
into positive knowledge that they are simple, is, in fact, to 
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be met by two sets of evidences, which imply that they 
‘ure compound. 


‘Mr. Martineau next alleges that a fatal difficulty is put 
in tho way of the Goneral Doctrine of Evolution by the 
existence of a chasm between the living and the not-living. 
He says:— But with all your enlargement of data, tura: 
them as you will, at the end of every passage which they 
explore, the door of life is closed against them still,” Here 
again our ignorance is employed to play the part of know- 
ledge, The fact that we do not know distinctly how an 
alloged transition has taken place, is transformed into the 
assumption that no transition has taken place. We 
in a more general shape, the argument which until Intely 
was thought conclasive—the argument that because the 
genesis of each species of creature had nob been explained, 
therefore cach species must have been separately created. 

Merely noting this, however, I go on to remark that 
scientific discovery is day by day narrowing tho chaam, or, 
to yary Mr. Martinean’s motaphor, “opening the door,” 
Not many yoars since, it was hold as certain that the 
chemical compounds distinguished as organic could not 
be formed artificially. Now, more than a thousand organie 
compounds have been formed artificially, Chemists have 
discovered the art of building them up from the simpler 
to the more complex, and do not doubt that they will 
eventually produce the most complex, Moreover, the phe- 
nomena attending isomeric change give no cluc to those 
moyomonta which are the only indications wo have of life 
in its lowest forms. In various colloidal substances, 
including tho albuminoid, isomoric chango is accompanied 
by contraction or expansion, and consequent motion; and, 
in such primordial types ms the Protogenes of Hueckel, 
which do not differ in appearance from minute portions of 
albumen, tho observed motions are comprehensible as 
accompanying isomeric changes caused by variations in 
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surrounding physical actions. The probability of this 
interpretation will be scen on remembering the evidence 
we have that, in the highor organisms, many functions aro 
essentially effected by isomeric changes from one to another 
of tho maltitudinous forms which protoin aasumos. 

Thus the reply to this objection is, first, that there is 
going on from both sides a narrowing of tho chasm 
supposed to be impassable ; and, secondly, that, even were 
the chasm nob in course of being filled up, we should no 
more be justified in therefore assuming a supernatural 
commencement of life, than Kepler was justified in assuming 
that thero wore guiding-spirits to keep tho planets in their 
orbits, because he could not soo how elec they wore to bo 
kept in their orbits, 


‘The third dofinite objection made by Mr. Martinenn is 
of kindred nature. The Hypothesis of Evolntion is, he 
thinks, met by the insurmountable difficulty that plant life 
and animal life are absolutely distinct. “You cannot,” 
he says, “take # single step toward the deduction of 
sensation and thonght: neither at the upper limit do the 
highest plants (the exogens) transcend themselves and 
overbalanco into animal existence; nor at the lower, grope 
a8 you may among the sea-weeds and sponges, can you 
persuade the sporules of the one to develop into the other.” 

This is an extremely unfortunate objection to raixe. 
For, though there are no transitions from vegetal to animal 
life at the plhees Mr. Martineau names, where, indeed, no 
biologist would look for them ; yet the connexion between 
the two great kingdoms of living things is so complete 
that soparation is now regarded as impossible. For a long 
time naturalists endeavored to frame definitions such as 
would, the one include all planta and exclude all animals, 
and the other include all animals and exclude all plants. 
But they have been so repeatedly foiled in the aitempt that 
they have ees it up. There is no chemical distinotion 
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which holds; thore is no stractursl distinction which 
holds; thore is no functional distinction whieh holds; there 
is no distinction as to mode of existence which holds. Largo 
groups of the simpler animals contain chlorophyll, and 
decompose carbonic scid under the influence of light, as 
plants do. Largo groups of the simpler plants, as you 
may observe in the diatoms from any stagnant pool, are 
no lesa actively locomotive than the minute croatures 
claaeed as animals seen along with them. Nay, among 
these lowest types of living things, it is common for the 
life to bo now predominantly animal and prosontly to 
become predominantly vegetal. The very name oospores, 
given to germs of alge, which for a while swim abont 
actively by menas of cilia, and presently settling down 
grow into plant-forma, is given because of this conspicuous 
community of nature. So complete is this community of 
nature that for some time past many naturalists have 
wished to establish for theae lowest types a 
intermediate betwoon tho nnitaal and the vogetal: the 
reason against this course being, however, that the 
difficulty crops up afresh at any assumed places where 
this intermediate sub-kingdom may be supposed to join 
the other two. 

‘Thus the assumption on which Mr, Martineau proceeds 
is diomotrically opposod to the conviction of naturalists 
in gonoral. 


Thongh I do not perecive that it is specifically stated, 
there appears to bo tacitly implied a fourth difficulty of 
allied kind—the difficulty that there is no possibility of 
transition from life of the simplest kind to mind, Mr. 
Martineau says, indeed, that there can be “with only vital 
resources, as in the vegetable world, no beginning of 
mind :”” apparently leaving it to bo inferred that in the 
animal world the regources aro such ng to make tho 
“beginning of mind” comprehensible. If, however, instead. 
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of leaving it a latent inference, he had distinctly asserted 
a chasm between mind and bodily life, for which there is 
certainly quite az much reason as for asserting a chasm 
between animal life and vegetal life, the difficulties in his 
way would have been no less insuperable. 

For these lowest forms of irritability in the animal 
kingdom which, I suppose, Mr. Martineau refers to as the 
“beginning of mind,” are not distinguishable from the 
irritability which plants display: they in no greater degree 
imply consciousness. If tho sudden folding of a sonsitive- 
plant’s leaf when touched, or the spreading out of the 
stamens in a wild-cistus when gently brushed, is to be 
considered a vital action of a purely physical kind; thon so 
too must be considered the equally slow contraction of a 
polype’s tentacles. And yet, from this simple motion of 
an animal of low type, we may pass by insensible stages 
through ever-complicating forms of actions, with their 
accompanying signs of fecling and intelligence, until we 
reach tho highest. 

Even apart from the evidence derived from the sscending 
grades of animals up from zoophytes, as they are signifi- 
cantly named, it needs only to observe the evolution of a 
single animal to see that there does not exist any break 
or chasm between the life which shows no mind and the 
life which shows mind. The yelk of an egg which the 
cook has just broken, not only yields no sign of mind, but 
yields no sign of lifo. It docs not respond to o stimulus 
‘8 much even as many plants do. Had the egg, instead 
of being broken by the cook, been loft under the hen for 
# certain time, the yolk would have passed by infinitesimal 
gradations through a series of forms ending in the chick ; 
and by similarly infinitesimal gradations would have arisen 
those functions which end in the chick breaking its shell; 
and which, when it gets out, show themselves in ranning 
about, distinguishing and picking up food, and squeaking 
if hurt, When did the feeling begin? and how did there 
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come into existence that power of peresption which the 
chick’s actions show? Should it be objected that the 
chick’s actions are mainly automatic, I will not dwell on 
the fact that, though they are largely s0, the chick mani- 
festly has feeling and therefore consciousness; but I will 
accopt tho objection, and propose that instond wo take tho 
homan being. The course of development before birth is 
just of the same general kind; and similarly, at a certain 
begins to be accompanied by reflex movements, At 
birth there is displayed an amount of mind certainly not 
greater than that of the chick: there is no power of 
running from danger—no power of distinguishing and 
picking up food. If we say the chick is unintelligent, 
wo mast cortainly say tho infant is unintolligent. And yet 
from the unintelligence of the infant to the intelligence of 
the adult, there is an advance by steps so small that on no 
day is the amount of mind shown, appreciably different 
from that shown on preceding and succeeding days. 
Thus the tacit assumption that there exists a break, is 
not simply gratuitous, but is nogatived by the most 
obvious facts. 





Certain of the words and phrases used im explaining 
that particular part of the Doctrine of Evolution which 
deals with the origin of species, aro commented upon by 
‘Mr. Martinean as having implications justifying his view, 
Let ux consider his comments. 

He says that competition is not an “original power, 
which can of itself do anything ;” further, that “it cannot 
act except in the presence of some possibility of a better or 
worse ;” and that this “possibility of a better or worse” 
implies # “world pre-arranged for progress,” “ a diresting 
Will intent upon the good.” Had Mr. Martinoau looked 
more closely into the mutter, he would have found that, 
though the words and phrases he quotes are used for con 

“venience, the conceptions they imply are not at all essential 
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to the doctrine. Under its rigorously-scientific form, the 
doctrine ix expressible in purely-physical terms, which 
neither imply competition nor imply better and worse,* 
Beyond this indirect mistake there is @ direct mistake. 
‘Mr. Martincaa speaks of the “survivorship of the better,” 
as though that were the statement of tho law; and thon 
adds that the alleged result cannot be inferred “ except on 
the assumption that whatever is better ia stronger too.” 
But the words he hero uses are his own words, not the 
words of those he opposes. The law is the survival of the 
filtest. Probably, in substituting “better” for “fittest,” 
Mr. Martineau did not suppose that he was changing the 
meaning; though I dare say he perceived that the mean- 
ing of the word “fittest” did not sait his argument so 
well. Had he examined the facts, he would have found 
that the law is not the survival of the “better” or the 
“stronger,” if we give to those words any thing like their 
ordinary meanings. It is the survival of those which are 
constitutionally fittest to thrive under the conditions in 
which they are placed; and very often that which, 
humanly speaking, is inferiority, causes the survival. 
Superiority, whether in size, atrongth, activity, or sagacity, 
is, other things equal, at tho cost of diminished fortility ; 
and where the life led by a species does not demand these 
higher attributes, the species profits by decrease of them, 
and accompanying increase of fertility, ‘This is the reason 
why there occur #0 many cases of retrograde metamor 
phosis—this is the reason why parasites, internal and 
external, arc so commonly degraded forms of higher types. 
Survival of the “better” does not cover these cases, though 
survival of the “fittest” doos; and as I am responsible 
for the phrase, I suppose I am competent to say that 
the word “fittest” was chosen for this reason. When 
it is remembered that these cases outnumber all others— 


© Principles of Biology, §§ 150-163, 


MI. MARTINEAU ON EVOLUTION, 881 


shall have to deal with presently.”* So that the mean- 
ings which the word involves, and which Mr, Martineau 
regards as fatal to the hypothesis, are ulready repudiated 
as not belonging to the hypothesis. 


And now, having dealt with the essential objections 
raisod by Mr. Martineau to the Hypothesis of Evolution 
as it ie presented under that purely scientific form which 
genoralizos the process of things, firstly as observed and 
secondly as inferred from certain ultimate principles, let 
me go on to examine that form of the Hypothesis which 
he proponnds—Evolation as determined by Mind and Will 
—Eyolution as pre-arranged by a Divine Actor. For Mr. 
Martineau apparently abandons the primitive theory of 
creation by “ fiat of Almighty Will”, and also the theory 
of creation by mannfacture—by “1 contriving and adapt- 
ing power,” and seems to believe in evolution: requiring 
only that “‘an originating Mind” shall be taken as its 
antecedent, Leb us ask, first, in what relation Mr. 
Martinewu conceives the “originating Mind” to stand to 
the evolving Universe. From some passages it is inferablo 
that he considers the “presence of mind” to be every- 
where needful. He says :— 

“Jt ia impossible to work the theory of Evolution upwards from the 

bottom, If all force in to be conceived as One, ite type must be looked for 
In the highest and all-comprehending term; and Mind must be conceived 
ns there, und ns divesting itself of some speciality at each step of ite doxcent 
to & lower stratam of Inv, till represented mt the base under the guise of 
simple Dynamics," 
‘This seems to bo an unmistakable assertion that, wherever 
Evolution is going on, Mind is then and there behind it. 
At the close of the argument, however, a quite different 
conception is implied, Mr. Martineau says :— 

“If the Divino Idea will not retire at the bidding of our speculative 
elence, but rotains its plaos, it is natural to ask, What is its relation to 
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the series of vo-called Forces in the world? Pa ticolin ieee 
‘und deep to be auswored here, Let it suffoe to ray, that there need 1 

‘any overruling of thess forces by the Will of God, a that the 

sthould disturb the natural or soy supplementing of therm, +6 that He shovla 
{ill up their deficiencies. Rathor in His thought related to them aa, it matty 
‘the mental force is related to all below it,” 


It would take too much spnce to deal fully with the 
various questions which this last paseage raises, Thero is 
the question—Whence come these “ Forces,” spoken of as 
separate from the “ Will of God"”—did they pre-exist? 
‘Then what becomes of the Divine Power? Do they exist 
by the Divine Will? Then what kind of nature is that by 
which they act apart from the Divine Will? Again, there 
is the question—How do these deputy-forces co-operate in 
each particular phenomenon, if the presiding Will is mob 
there present to control them? Lither an organ which 
doyelops into fitnoss for its function, develops by the eo- 
operation of these forcea under tho direction of Mind then 
present, or it so develops in the absence of Mind. If it 
dovelops in the absence of Mind, the hypothesis is given 
up; and if the “originating Mind” is required to be them 
and there present, we must suppose a particular providence 
to be present in each particular organ of each particular 
creature throughout the universe. Once more there is 
the question—lf “ His thought is related to thom [these 
Forces] as, in Man, the mental force is related to all 
below it,” how can “His thought” be regarded ag the 
cause of Evolution? In man the mental force is related 
to the forces below it neither as a creator of them nor as a 
regulator of them, save in a very limited way: the greater 
part of the forces present in man, both structural and 
functional, defy the mental force absolutely. Nay, more, 
it needs but to injure a nerve to see that the power of the 
mental force over tho physical forces is dependent on 
conditions which aro themselves physical; and one who 
takes morphia in mistake for magnesia, discovers that the 





power of the physical forces over the montal is wncon~ 
ditioned by any thing mental. 

Not dwelling on these questions, however, T will merely 
draw attention to the entire incongruity of this conception 
with the previous concoption which I huve quoted. Assum- 
ing that, when the choice is pressed on him, Mr. Martineau 
will choose the first, which alone has any thing like defen- 
sibility, let us go on toask how far Evolution is made moro 
comprehensible by postulating Mind, universally immanent, 
ag ita canso. 

In metaphysical controversy, many of the propositions 
propounded und necepted as quite believable, are absolutely 
inconceivable, There is a perpetual confusing of actual 
ideas with what are nothing but pseud-ideas. No distine- 
tion is made between propositions that contain real thoughts, 
and propositions that are only the forma of thoughts. A 
thinkable proposition is ono of which the two terms can be 
brought together in consciousness under the relation said to 
exist between them. But very often, when the subject of a 
proposition has been thought of as something known, and 
when the predicate has been thought of as something 
known, and when the relation alleged between them 
has been thought of as a known relation, it is supposed 
that the proposition iteclf has been thought. The thinking 
separately of the cloments of # proposition is mistaken for 
the thinking of them in the combination which the propo- 
sition affirms, And hence it continually happens that pro- 
positions which cannot be rendered into thought at all, are 
supposed to be not only thought but believed. ‘The propo- 
sition that Evolution is caused by Mind is one of thisnatare. 
‘The two terms are separately intelligible; but they can be 
regarded in the relation of effcct and canse only a0 long as 
no attempt is made to put them together in this relation. 

‘Tho only thing which any one knows a» Mind is the series 
of hie own states of consciousness; and if he thinks of any 
mind other than his own, he can think of it only in terms 
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derived from his own. If I am seked to frame a notion of 
‘Mind divested of all those stractural traits under which 
alone Tam conscions of mind in myself, Teannot do it. I 
know nothing of thought save as carried on in i 

nally traceable to the effects wrought by objects and forces 
onme, A mental act is au unintelligible phrase if I am 
not to regard it as an act in which states of consciousness 
aro severally known as like other states in the scrics that 
has gone by, and in which the relations between them are 
severally known as like past relations in the serios. If, 
then, I have to conceive Evolution as caused by an “ origi- 
nating Mind,” I must conceive this Mind as having attri- 
butes nkin to those of the only mind I know, and without 
which I cannot conceive Mind at all. 

Twill not dwell on the many incongruities hence 

by asking how the “ originating Mind” is to be thought of 
ns baying states produced by things objective to it; as 
discriminating among these states, and classing them as 
like and unlike; and as preferring one objective result to 
another. I will simply ask—What happens if we ascribe 
to the “ originating Mind” the character absolately essen- 
tinl to the conception of Mind, that it consists of a series of 
states of consciousness? Put a series of states of conscions- 
ness as cause, and the ovolving Universe as effect, and then 
endeavor to ece the last as fowing from the first. I find it 
possible to imagine in some dim way a series of states of 
consciousness serving as antecedent to any one af the move 
monts I see going on; for my own states of consciousness 
are often indirectly the antecedents to such movements. 
But how if I attempt to think of such a series as antecedent 
to all actions throughout the Universe—to the motions of 
the multitudinous stars through space, to the revolutions of 
all their plancts round them, to the gyrations of all these 
planets on their axes, to the infinitely-multiplied physical 
processes going on in each of these suns and plancts? I 
cannot think of a single series of states of consciousness as 
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causing even the relatively small group of actions going on 
over the Earth’s surface. I cannot think of it even os 
antecedent to all the various winds and the dissolving clonds 
they bear, to the currents of all thorivors, and the grinding 
actions of all the glaciers; still less can I think of it as an- 
tecedent to tho infinity of processes simultaneously going 
on in all the plants that cover the globe, from scattered 
polar lichens to crowded tropical palms, and in all the 
millions of quadrupeds that roam among them, and the 
millions of millions of insects that buzz about them. Even 
to a single small set of those multitudinous terrestrial 
changes, I cannot conceive as antecedont a single series of 
states of consciousness—cannot, for instance, think of it as 
causing the hundred thousand breakers that aro at this 
instant curling over on the shores of England. How, then, 
is it possible for me to conceive an “originating Mind,” 
which I must represent to myself as a single series of 
states of consciousness, working the infinitely-multiplied 
sete of changes simultancously going on in worlds too 
‘numerous to count, dispersed throughout a space that baffles 
imangination? 

If, to account for this infinitude of physical changes 
everywhere going on, “ Mind must be conceived aa there” 
“onder the guise of simple Dynamics,” then the reply is 
that, to be so conceived, Mind must be divested of all attri- 
butes by which it is distinguished; and that, when thus 
divested of its distinguishing attributes, the conception © 
dieappeare—the word Mind stands for a blank. If Mr. 
‘Martineau takes refage in the entiroly different and, as it 
seems to me, incongruous hypothesis of something like a 
plurality of minds—if he accepts, as he seems to do, the 
doctrine that you cannot explain Evolution “unless amoug 
your primordial elements you scatter already the germs of 
Mind as well as the inferior elements”—if the insuperable 
difficulties I have just pointed ont aroto be mot by assuming 
8 local series of states of consciousness for each phonomenon, 





Here let me guard myself against « misinterpretation 
very likely to bo pat pom the foregoing arguments; 
expecially by those who have read the Essay to which 
they reply. The statements of that Exsay carry the um- 
plication that all who adhere to the hypothesis it combats, 
imagine they have solved the mystery of things when they 
havo shown the processes of Evolution to bo natarally 
caused, Mr, Martineau tacitly represents them as belier- 
ing that, when every thing has been interpreted in terms 
of Matter and Motion, nothing remains to be explained. 
This, howover, is by no means the fact. The Doctrine of 
Bvolution, under its purely scientific form, does not involve 
Matorialinm, though its opponents Tepresont 
it na doing so, Indeed, among adherents of it who are 
friends of mine, there are those who speak of the Material- 
fxm of Buechnor and his school, with » contempt certainly 
not loss than that folt by Mr, Martineau. To show how 
Snti-materialistic my own view is, I may, perbaps, withoat 
impropriety, quote some out of many passages which I 
have written on the question elsewhere: 

‘"Hanos though of tho two it seams easier to translate so-called Matter 
Sato so-called Spirit, than to translate eo-called Spirit into so-called Maiter 





(which tatter is, Indeod, wholly impossible); ye no translation can esmry wx 
‘beyond our symbols.""* 
And again: 

“Soe thea our prodicament. We enn think of Matter only in terms of 
‘Mind, We can think of Mind only in terms of Matter. When we have 
pushed our explorations of the first to the uttermost limit, we are referred to 
‘tho second for a final answer; and, when wa have got the final anawer of the 
wocond, we ate referred back te the first for an interpretation of it. We find 
the value of # in terms of y; then we find the value of yin terms ef ©; 
and #0 on we may continue forever without coming nearer to « solution. 
‘The antithesis of subject and object, naver to be transeanded while comseious- 
‘nea laste, renders impossible all knowledge of that Ultimate Reality in which 
subject and object are united,” + 

It is thus, I think, manifest that the difference between 
Mr. Martineau's view and the view he opposes is by no 
moans so wide as he makes it appear; and further, it 
seems to me that such difference as exists is rather the 
reverse of that indicated by his exposition. Briefly ex- 
pressed, the difference is that, where he thinks there is no 
mystery, the doctrine he combats recognizes a mystery. 
Speaking for myself only, I may say that, agrecing entirely 
with Mr. Martincaa in repudiating the materialistic inter- 
pretation as utterly futile, I differ from him simply in this, 
that while he says he has found another interpretation, I 
confess that I cannot find any interpretation; while ho 
holds that he can understand the Power which fs mani- 
fexted in things, I feel obliged to admit, after many fnil- 
ures, that E cannot understand it, So that, in presence of 
the transcendent problem which the universe presents, Mr. 
Mortinean regards the human intellect ns capable, and I as 
incapable. This contrast doos not appear to mo of the kind 
which his Essay tacitly asserts. If there is such a thing 
as the “pride of Science,” it is obviously exceeded by the 
pride of Theology. I fail to perceive humility in the belief 
that the haman mind is able to comprehend that which is 
behind appearances; and I do not see how piety is expe- 


* Principles of Paychology, second odition, vol. i., § 0. 
$ Tbid., § 272, 
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cially exemplified in the assertion that the Universe contains 
no mode of existence higher in Nature than that which ix 
present to us in consciousness. On the contrary, 1 think it 
quite a defensible proposition that humility is better shown 
by a confession of incompetence to grasp in thought the 
Cause of all things; and that the religions sentimont may 
find its highest sphere in the belief that the Ultimate Power 
ia no more representable in terms of human consciousness 
than human consciousness is representable in terms of a 
plant’s functions. 





THE FACTORS OF ORGANIC EVOLUTION. 


[Firet published in Tho Ninotoonth Century, for April and 
May, 1886.) 


L 


Wrrarr the recollection of men now in middle life, opinion 
concerning the derivation of animals and plants was in 
@ chaotic state. Among the unthinking there was tacit 
belief in creation by miracle, which formed an essential 
part of the creed of Christendom; and among the thinking 
there were two parties, each of which hold an indefensible 
hypothesis. Immensely the larger of these parties, includ~ 
ing nearly all whose scientific culture gave weight to their 
judgments, though not accopting literally the theologically 
orthodox doctrine, made a compromise between that doctrine 
and the doctrines which geologists had established; while 
opposed to them were some, mostly having no authority in 
science, who held a doctrine which was heterodox both 
theologically and scientifically, Profesor Huxley, in his 
lecture on “The Coming of Ago of the Origin of Species,” 
romarks concorning the first of these parties as follows — 

“ One-and-tweaty years ago, in spite of the work commenced by Hatton 
snd continaed with rare skill and patience by Lyell, the dominant view of tho 
past history of the enrth was ostantrophio. Groat and sudden physionl 
revolutions, wholesale orestions and extinotions of living beings, were the 
ordinary machinery of the geological epic brought into fashion by tho mis- 
‘Appliod gonius ot Cuvier. It wns gravely maintained and taught that the 
‘end of overy geological opoch was signalised by cataclysm, by which every 
Uring being on the globe waa swept away, to be replaced by a brand-new 
‘ezeation when the world rtumed to quieaoenee. A scheme of nature which 
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appeared to be modelled on the likeness of » mccession of rubtecs of whist, 
at tho end of each of which the players upset the table and called for a new 
‘pack, did not anem to shock anybody. 

I may be wrong, but I doubt if, at the prevent time, there i a singlo 
responsible representative of these opinions Iefk The progress of scientific 
peology has elevated the fandament principle of wniformitarianien, that the 
‘aplanation of the past is to be sought in the stody of the prosent, fnto the 
‘position of an axiom; and the wild epoculations of the catantrophiais, to 
which wo all listened with respect a quarter of s century ago, would hardly 
find a single patient hearer at the present day.” 

Of the party above referred to as not satisfied with thin 
conception described by Professor Huxley, there were two 
clnases, The great majority wore admirers of tho Vostiges 
of the Natural History of Creation—a work which, while it 
sought to show that organic evolution has taken place, 
contended that the cause of organic evolution, is “an 
impulse” snpernaturally “imparted to the forms of life, 
advancing them, . . . through grades of orgonization.” 
Being nearly all very inadequately ncquointed with the 
fncts, those who accopted the view ect forth in the Vestiges 
were ridiculed by the well-instrncted for being’ satisfied 
with evidence, much of which was cithor invalid or easily 
esncelled by counter-evidence, and at the same time they 
exposed themselves to the ridicule of tho more philosophical 
for being content with » supposed explanation which was 
in reality no explanation: the alleged “impulse” to advance 
giving us no more help in understanding the facts than 
docs Naturo’s alleged “abhorrence of a vacuum” help 
us to understand the ascent of water in a pump. The 
rommant, forming the second of these classes, was very 
small, While rejecting this mere verbal solution, which 
both Dr. Erasmus Darwin and Lamarck had shadowed 
forth in other language, there were some few who, rejecting 
also tho hypothesis indicated by both Dr. Darwin and 
Lamarck, that the promptings of desires or wants produced 
growths of the parts subsorving them, accepted the single 
vera causa assigned by these writore—the modification of 
structures resulting from modification of functions. They 
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recognized as the sole process in organic development, the 
adaptation of parts and powers consequent on the effects of 
use and disuse—thnt continunl moulding and re-moulding of 
organisms to suit their circwnstances, which is brought 
about by direct converse with such circumstances. 

But while this cause accepted by these few ia a troe 
cause, since unquestionably during the life of the indi- 
vidual organism changes of function produce changes of 
structure; and while it is a tenable hypothesis that 
changes of structure so produced aro inhoritablo; yet it was 
manifest to those not preposeessed, that this cause cannot 
with reason be assigned for the greater part of the facta. 
‘Though in plants there are some characters which may not 
irrationally be ascribed to the direct effects of modiéed 
functions consequent on modified circumstances, yet the 
majority of tho traits presented by plants are not to be 
thus explained. It is impossible that the thorns by which 
@ briar is in largo measure defended against browsing 
animals, can have been developed and moulded by the 
continuous exercise of their protective actions; for in the 
first place, the great majority of the thorns are never 
touched at all, and, in the second place, we have no ground 
whatever for supposing that those which are touched are 
thereby made to grow, and to take those shapes which 
rendor thom efficient. Plants which aro rendered uncatablo 
by the thick woolly contings of their leaves, cannot have 
had thes coatings produced by any process of reaction 
against the action of enemies; for there is no imaginable 
reason why, if one part of a plant is eaten, the rest should 
thereafter begin to develop the hairs on its surface. By 
what direct effect of function on structare, can the shell of 
a nut have been evolved? Or how ean thoze seeds which 
contain essential oils, rendering: them unpalatable to binds, 
have been mado to secrete such essential oils by these 
actions of birds which they restrain? Or how can the 
delicate plumes borne by some seeds, and giving the wind 
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power to waft them to new stations, be due to any ime 
diate influences af surrounding conditions? Clearly in these 
and in countless other cases, change of structare cannot 
have been directly caused by change of function. So 
is it with animals to a large extent, if not to the samo 
extent. Though we have proof that by rough usage tho 
dermal layer may be so excited as to produce a greatly 
thickened epidermal layor, sometimes quite horny; and 
though it is a feasible hypothesis that an effect of this kind 
persistontly produced may be inherited; yet no such causa 
can explain the carapace of the turtle, the armour of the 
armadillo, or the imbricated covering of the manis. The 
skins of theso animals are no more exposed to habitual 
hard usago than sro those of animals covered by hair. 
‘The strange exerescences which distingnish the heads of 
the hornbills, cannot possibly have arisen from any reaction 
against the action of surrounding forces; for even wero 
they clearly protective, there is no reason to suppose that 
the heads of these birds need protection more than the 
heads of other birds. If, led by the evidence that in 
onimals the amount of covering is in some cases affected by 
tho degroo of exposure, it wore admitted as imaginable that 
the development of feathers from preceding dermal growths 
had resulted from that extra nutrition caused by extra 
superficial cireulation, we should still be without explana- 
tion of the structure of a feather. Nor should we have any 
clue to the specialities of feathers—the crests of various 
birds, tho tails somctimos so cnormous, the curiously placed 
plumes of the bird of paradise, &c., &c. Still more 
obviously impossiblo is it to oxplain as duo to uso or disuso 
the colours of animals. No direct adaptation to fonction 
could have produced the blue protuberances on # mandril’s 
face, or the striped hide of » tiger, or the gorgeous plumage 
of a kingfisher, or the eyes in a peacock’s tail, or the 
multitudinous patterns of insects’ wings. One single case, 
that of a deer's horns, might alone have sufficed to show 
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how insufficient was the assigned cause. During their 
growth, o decr’s horns are not used at all; and when, 
having been cleared of the. dead skin and dried-np blood- 
vessels covering them, they sre ready for use, they are 
nerveless and non-vaseular, and hence are incapable of 
undergoing any changes of structure consequent on changes 
of function, 

Of these few then, who rejected the belief deecribed by 
Professor Huxley, and who, espousing the belief in a 
continuons evolution, had to account for this evolution, it 
mast be said that though the cause assigned was a trae 
cause, yet, even admitting thatit operated through successive 
generations, it left unexplained the greater part of the facts, 
Having been myzclf one of these few, I look back with 
surprise at the way in which the facts which were congruous: 
with the espoused view monopolized consciousness and kept 
out the facts which were incongruous with it—conspicnoas 
thongh many of thom were. Tho misjndgment. was nob 
unnatural, Finding it impossible to accept any doctrine 
which implied » breach in the uniform course of natural 
causation, and, by implication, accepting ns unquestionable 
tho origin and development of all organic forms by 
accumulated modifications naturally caused, that whieh 
appeared to explain certain elasses of these modifications, 
was supposed to be capable of explaining the rest: the 
tendency being to assume that these would eventually bo 
similarly accounted for, though it was not clear how. 

Returning from this parenthethio remark, we are con- 
cerned here chiefly to remember that, as snid at the outset, 
there existed thirty years ago, no tenable theory ahout 
the genesis of living things. Of the two alternative beliefs, 
neither would bear critical examination. 


Ont of thie dead lock we were releazed—in large measure, 
though not I believe entirely—by the Origin of Species. 
That work brought into view a further factor; or rather, 
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such factor, recognized as in operation by here and there 
an observer (as pointed ont by Mr. Darwin in his intro- 
duction to the second edition), was by him for the first time 
seen to have played so immense a part in the genosis of 
plants and animals. 

Though laying myself open to the charge of telling a 
thrice-told tale, I feel obliged here to indicate briefly the 
soveral great classes of facts which Mr. Darwin's hypothesis 
explains; because otherwise that which follows would 
scarcely be understood. And I feel the less hesitation in 
doing this because the hypothesis which it replaced, not 
very widely known st any time, has of late so completely 
dropped into the background, that the majority of readers 
are scarcely aware of its existence, and do not therefore 
understand the relation betwoon Mr. Darwin’s successful 
interpretation and the preceding unsuccessful attempt ab 
interpretation. Of these classes of facts, four chief ones 
may be here distinguished. 

Tn the first place, such adjustments ax those exemplified 
above are made comprehensible. Though it is inconceiv- 
able that a structure like that of the pitcher-plant could 
have been produced by accumulated effects of function 
on structure ; yot it is conceivable that successive selections 
of favourable variations might have produced it; and the 
like holds of the no less remarkable appliance of the 
Venus's Fly-trap, or tho still more astonishing one of that 
water-plant by which infant-fish are captured. Though it is 
impossible to imagine how, by direct influence of increased 
use, such dermal appendages as a poreupine’s quills could 
have been developed; yet, profiting as the members of a 
species otherwise defenceloss might do by tho stiffness of 
their hairs, rondering them unpleasant morsels to eat, it is 
a feasible supposition that from successive survivals of 
individuals thus defended in the greatest degrees, and the 
consequent growth in successive generations of hairs into 
bristles, bristles into spines, spines into quills (for all these 
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are homologous), this change could have arisen. In like 
manner, the odd inflatable bag of the bladder-nosed seal, the 
curious fishing-rod with its worm-like appendage carried on 
the head of the lophius or angler, the spurs on the wings of 
certain birds, the weapons of the sword-fish and saw-fish, 
the wattlos of fowls, aud namberloas such peculiar struc 
tures, though by no possibility explicable as due to effects 
of nse or disuse, are explicable as resulting from natural 
solection operating in one or other way. 

In the second place, while showing us how there have 
arisen countless modifications in the forms, structures, 
and colours of cach part, Mr. Darwin has shown ne how, 
by the establishment of favourable variations, there may 
ariso new parts. Though tho first step in the production 
of horns on the heads of various herbivorous animals, may 
have been the growth of callosities consequent on the 
habit of butting—snch callosities thus functionally initiated 
being afterwards developed in the most advantageous ways 
by selection ; yet no explanation can be thus given of tho 
sudden appearance of o duplicate sot of horns, as occasion- 
ally happens in sheep: an addition which, where it proved 
honoficial, might readily be made a permanent trait by 
natural selection. Again, the modifications which follow uso 
and disuse can by no possibility account for changes in the 
numbers of vertebra; but after recognizing spontaneous, 
or rather fortuitous, variation as o factor, we can sco 
that where an additional vertebra hence resulting (as 
in some pigeons) proves beneficial, survival of the fittest 
may make it a constant character; and thoro may, by 
forther like additions, be produced extremely long strings 
of vertebra, such as snakes xhow us. Similarly with the 
mammary glands. It is not an unreasonable supposition 
that by the effects of greater or less function, inherited 
through successive generations, these may be enlarged or 
diminished in sizo; but it is out of the question to slloge 
such cause for changes ‘1 their numbers. There is no 
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imaginable explanation of these eave the establishment by 
inheritance of spontaneous variations, such as are known 
to occur in tho human race. 

So too, in the third place, with certain alterations in the 
connexions of parts. According to the greater or smaller 
demands made on this or that limb, the muscles 
it may be augmented or diminished in bulk; and, if there 
is inheritance of changes so wrought, the limb may, in 
course of generations, be rendered larger or smaller, Bub 
changes in the arrangements or attachments of muscles 
cannot be thas accounted for. It is found, especially at 
the extremities, that tho relations of tendons to bones and 
to one another are not always the same. Variations in 
their modes of connexion may occasionally prove advan- 
tageous, and may thus become established. aan again, 
then, we have a class of structural changes to which 
Mr. Darwin's hypothesis gives us the key, and to which 
there is no other key, 

Once more there are the phenomena of mimicry, Por- 
haps in a more striking way than any others, these show 
how traits which sccm inexplicable aro explicable aa due 
to the more frequent survival of individuals that have 
varied in favourable ways. We are enabled to understand 
such marvellous simulations as those of tho leaf-insect, 
those of bootles which “resemblo glittering dew-drops upon 
the leaves;” those of caterpillars which, when asleep, 
stretch themselves out so ag to look like twigs. And we 
are shown how there have arisen still more astonishing 
imitations—those of one insect by another. As Mr. Bates 
has proved, there are cases in which a species of butter= 
fiy, rendered so unpalatable to insectivorous birds by its 
disagreeable teste that they will not catch it, is simulated 
in ita colours and markings by a species which is struc- 
turally quite differont—eo simulated that even a practised 
entomologist is linble to be deceived : tho explanation being 
that an original slight resomblance, lending to occasional 
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mistakes on the part of birds, was increased generation 
after generation by the more frequent escape of the most- 
like individuals, until the likeness became thus grest. 

But now, recognizing in full’ this procoss brought into 
clear view by Mr. Darwin, and traced out by him with so 
much care and skill, can we conclude that, taken alone, it 
accounts for organic evolution? Tas the nataral selection 
of favourable variations been the sole factor? On critically 
examining the evidence, we shall find reason to think that 
it by no means explains all that has to be explained. 
Omitting for the present any consideration of o factor 
which may bo distinguished as primordial, it may bo con- 
tended that the above-named factoralleged by Dr, Erasmus 
Darwin and by Lamarck, must be recognized as a co- 
operator. Utterly inadequate to explain the major part of 
the facta as is tho hypothesis of the inheritance of func- 
tionally-produced modifications, yet there is a minor part 
of the facts, very extensive though leea, which must be 
ascribed to this cause. 


When discussing the question more than twenty years 
ago (Principles of Biology, § 166), I instanced the decreased 
size of the jaws in the civilized races of mankind, as a 
change not accounted for by the natural selection of 
favourable variations ; since no one of the decrements by 
which, in thousands of years, this reduction haa been 
effected, could haye given to an individual in which it 
occurred, such advyantago as would cause his survival, 
either through diminished cost of local nutrition or dimi- 
nished weight to be carried. I did not then exclude, as T 
might have done, two other imaginable causes. It may 
be said that there is some organic correlation between 
increased size of brain and decreased size of jaw: Camper's 
doctrine of the facial angle being referred to in proof, 
But this argument may be mot by pointing to the many 
examples of small-jawed people who are also small-brained, 





98 THR FACTORS OF ORGANIC RVOLUTION. 


and by citing not infreqnent cases of individuals remark 
able for their mental powers, and at the same time 
distinguished by jaws not less than the average but 
greater. Again, if sexual solection be named as a possible 
causo, there ia the reply that, even supposing such slight 
diminution of jaw ns took place in a single generation to 
havo been an attraction, yet the other incentives to choice 
on the part of men have been too many and great to allow 
this one to weigh in un adequate degree; while, during 
the greater portion of the period, choice on the part of 
women has scarcely operated: in earlier times they were 
stolen or bought, and in Inter times mostly coorced by 
parents. ‘Thus, reconsideration af the facts doos not show 
me the invalidity of the conclusion drawn, that this 
decrease in sie of jaw can have had no other camse than 
continued inheritance of those diminutions 

on diminutions of function, implied by the nse af 
selected and well-propared food. Hore, however, my 
chief purpose is to add an instance showing, even 
more clearly, the connexion between change of func- 
tion and change of structure, ‘This instance, allied im 
nature to the other, is presented by those varieties, or 
rather sub-varieties, of dogs, which, having been household 
pets, and habitually fed on soft food, have not been called 
on to use their jaws in tearing and cranching, and have 
boen but rarely allowed to use thom in catching prey and in 
fighting. No inference can be drawn from the sizes of the 
jawe themselves, which, in these dogs, have probably been 
shortened mainly by selection. To got direct proof of tho 
decreasp of the muscles concerned in closing the jaws or 
biting, would require a series of observations very difficnlt 
to make. But it is nob difficult to get indirect proof of this 
decrease by looking at the bony stractures with which 
these muscles are connected. Examination of the skulla 
of sandry indoor dogs contained in the Museum of the 
College of Surgeons, proves the relative smallness of such 
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ports, The only pug-dog’s skull is that of an individual 
not perfectly adult; and thongh its traita are quite to the 
point they cannot with safety be taken as evidence. The 
skull of a toy-terrier has much restricted areas of insertion 
for the temporal muscles; has weak zygomatic arches; and 
has extremely small attachments for the masseter muscles, 
Still more significant is the evidence furnished by the skull 
of King Charles's spaniel, which, if we allow three years 
to  genoration, and bear in mind that tho variety must 
haye existed before Charles the Second’ reign, we may 
assume belongs to something appronching to the hundredth 
generation of these household pets. ‘The relative breadth 
between the outer surfaces of the zygomatic arches is con- 
Spicnously small; the narrowness of the temporal fossw ix 
also striking; the zygomata are very slender; the temporal 
mnscles have left no marks whatevor, cither by limiting 
Tines or by the character of the eurfaces covered; and the 

of attachment for the miasscter muscles are very 
feebly developed. At the Museum of Natural History, 
among skulls of dogs there is one which, though unnamed, 
is shown by its small size and by its teoth, to have belonged 
to one yariety or other of lap-dogs, and which has the same 
traits in an equal degree with the skull just described, 
Here, then, we have two if not three kinds of dogs which, 
ilarly loading protoctod and pampered lives, show that 
in tho course of generations the parts concerned in clench- 
ing the jaws have dwindled. To what canse must this 
decrease be ascribed ? Certainly not to artificial selection ; 
for most of the modifications named make no appreciable 
external signs: the width across the zygomata could alone 
be perceived. Neither can netural sclection hare had any- 
thing to do with it; for oven were thero any etrugglo for 
oxistenco among such dogs, it cannot be contended that 
any advantage in the struggle conld be gained by an 
individual in which a decreayo took place. Keonomy of 
nutrition, $00; is excladed. Abundantly fed as such doga 
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are, the constitutional tendency is to find places where 
excoss of absorbed nutriment may be con’ 

rather than to find places where some cutting down of the 
supplies is practicable, Nor again can there be allogod a 
possible correlation between these diminutions and that 
shortening of the jaws which has probably resulted from. 
selection; for in the bull-dog, which has also i 
short jaws, these structures concerned im closing them 
are unugually large. ‘Thus there remains aa tho only con- 
ceivable cause, the diminution of size which results from 
diminished nse. The dwindling of a little-exercised part 
has, by inheritance, been made more and more marked in 
successive generations, 


Difficulties of anothor class may next bo examplificd— 
those which present themselves when we ask how there can 
be effected by the selection of favourable variations, sack 
changes of structure as adupt an organism to some useful 
action in which many different parts co-operate. None can 
fail to sce how a simple part may, in course of generations, 
be groatly enlarged, if each enlargomont furthers, in some 
decided way, maintenance of the species. It is easy to 
understand, too, how a complex part, as an entire limb, 
may be increased as a whole by the simultaneous due 
increase of its co-operative parts; since if, while it is 
growing, the channels of supply bring to the limb an 
unusual quantity of blood, there will naturally result » 
proportionately greater size of all its components—bones, 
musclos, arteries, veins, &c. But though in casos like this, 
the co-operative parts forming some large complex part 
may be expected to vary together, nothing implies that 
they necessarily do so; and we have proof that in various 
cases, oven when closely united, they do not do eo, An 
example is furniahed by thoee blind crabs named in the 
Origin of Specice which inhabit certain dark cayos of Ken= 
tucky, and which, though they have lost their eyes, haye 
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not lost the footestalks which carried their eyes. Th 
describing the varieties which have been produced by 
pigeon-fancicrs, Mr. Darwin notes the fact that along with 
changes in length of beak produced by selection, there have 
not gono proportionate changos in length of tonguo, ‘Take 
again the case of teeth ond jaws. In mankind these have 
not varied together. During civilization tho jaws havo 
decreased, but the teeth have not decreased in propor- 
tion; und hence that prevalent crowding of them, often 
remedied in childhood by extraction of some, and in 
other cases causing that imperfect development which is 
followed by early decay. But the absence of proportionate 
‘variation in co-oporative parts that aro close together, and 
are even bound up in the same mass, is best seen in those 
varieties of dogs named above as illustrating the inherited 
offects of disuse. We see in them, as we see in the human 
race, that diminution in the jaws has not been accompanied 
by corresponding diminution in the teeth. Tn the catalogue 
of the College of Surgeons Musoum, there is appended to 
the entry which identifies a Blenheim Spaniol’s skull, tho 
words—‘the tooth aro closely crowded togothor,” and to 
the entry concerning the skull of a King Charles's Spaniel 
the words—* the teeth are closely packed, Be is placed 
quite transversely to tho axix of the skull.” It is further 
noteworthy that in a case where there is no diminished use 
of the jaws, but where they have been shortened by selection, 
a like want of concomitant variation is manifoated: the caso 
boing that of the bull-dog, in the upper jaw of which also, 
“the premolars . . . are excessively crowded, and placed 
obliquely or even transversely to the long axis of the skull." 

If, then, in cases where we can test it, we find no cone 

* Its probable that this shortening has resulted not dirvotly bat indireetly, 
from tho seloction of individuals which wore noted for tenseity of hold ; for 
the bull-dog's pocaliarity in this respect socms due to relative shortness of 
the upper jaw, giving the underhung structure which, invelving retreat of 
the nostrits, anables the dog to eontinue breathing while holding, 
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comitant variation in co-operative parts that are near 
together—if we do not find it in parts which, though 
belonging to different tissues, aro so closely united as teoth 
and jaws—if we do not find it even when the co-oporatiro 
parts aro not only closely united, but aro formod ont of the 
same tissue, like the crab’s eye and its peduncle; what shall 
we say of co-operative parts which, besides being 

of different tissues, are remote from one another? Notanly 
are we forbidden to assume that they vary together, bat 
we are warranted in asserting that they can have no 
tendency to vary together, And what are the implications 
in cases where increase of a structure can be of no sorvico 
unless there is concomitant increaso in many distant 
structures, which have to join it in performing the action 
for which it is useful ? 

‘As far back as 1864 (Principles of Biology, § 166) T named 
in illustration an animal carrying heavy horns—the extinet 
Trish elle; and indicated the many changes in bones, 
muscles, blood-voasela, nerves, composing the fore-part of 
the body, which would be required to make an incroment 
of size in such horns adyantagoons. Hore leb me tike 
another instanco—that of the giraffe: an instance whieh 
I take partly because, in the sixth edition of the Origin 
of Species, insued in 1972, Mr. Darwin has referred to this 
animal when effectually disposing of certain arguments 
urged against his hypothesis. He there ssys:— 

“Tnonler that an animal should acquire some structure specially acd 
largely davelopod, it in almost indispensable that soveral other parts should 
be modified and co-sdapted, Although evory part of the body varies 
Akighily, it does no} follow that the necessary parts should always vary in 
The right direction and to the right degree” (p. 179), 

And in the summary of the chapter, he remarks concerning 
the adjustments in the samo quadruped, that “the pro- 
longed uso of all the parts together with inheritance will 
have aided in an important manner in their co-ordination ™ 
(p. 199): » remark probably having refereace chiefly to 
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the increased massiveness of the lower part of the neck ; 
the increased eize and strength of the thorax required to 
bear the additional burden; and the increased strength 
of the fore-legs required to carry the greater weight of 
both. But now T think that further consideration suggests 
the belief that the entailed modifications are much moro 
numerous and remote than at first appears; and that the 
greater part of these aro such as cannot be ascribed in any 

to the selection of favourable variations, but must 
be ascribed exclusively to the inhorited effects of changed 
functions. Whoever has seen a giraffe gallop will long 
remember the sight as a ludicrous one, Thereason for the 
strangeness of the motions is obvious. Though the fore 
limbs and the hind limbs diffor so much in length, yeb in 
galloping they have to keep paco—must take equal strides. 
The result is that at each stride, the angle which the hind 
limbs describe round thoir centre of motion is much larger 
than the angle described by the fore limbs. And beyond 
this, as an aid in equalising the strides, the hind part of 
the back is at cach stride bent very much downwards and 
forwards, Hence tho hind-quarters appoar to be doing 
nearly all the work. Now a moment's observation shows that 
the bones and muscles composing the hind-quarters of the 
giraffe, perform actions differing in one or other way and 
degree, from the actions performed by the homologous 
bones and muscles in 8 mammal of ordinary Proportions, 
and from thoge in the ancestral mammal which gave origin 
to the giraffe, Hach further stage of that growth which 
prodaced the large fore-quarters and neck, entailed some 
adapted change in sundry of the numerous parts composing 
the hind-quarters; since any failure in the adjustment of 
their reapective strengths would entail some defect in speed 
and consoquent lors of life whon chased. It needs but to 
remember how, when continuing to walk with a blistered 
foot, the taking of steps in such a modified way as to 
diminish pressure on the sore point, soon produces aching 
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of muscles which are called into unusual action, to seo that 
over-straining of any one of the muscles of the giraffe’s hind- 
quarters might quickly incapacitate the animal when putting 
out all ita powers to cecape ; and to bo a fow yards behind 
others would cause death, Hence if we aro dobarred from 
assuming that co-operative parte vary together even whon 
ndjacent and closely united—if we are still more debarred 
from assoming that with increased length of forelegs or 
of neck, there will go an appropriate change in any one 
muscle or bone in the hind-quarters; how entirely out of 
tho question it is to assume thet there will simultaneously 
take place the appropriate changes in all those many 
components of the hind-quartors which severally require 
re-adjustment, It is useless to reply that an increment of 
length in tho fore-legs or neck might be retained and 
transmitted to posterity, waiting an appropriate variation 
in u partionlur bone or muscle in the hind-quartors, which, 
being made, would allow of a further increment. Por 
besides the fact that until this secondary variation occurred 
the primary variation would bo a disudvantage often fatal 
and bosides tho fact that before such an appropriate 
secondary variation might be expeetod in the course of 
generations to occur, tho primary variation would have 
died out; there is the fact that theappropriate variation of 
one bone or muscle in the hind-juarters would be useless 
without appropriate variations of all the rest—some: in 
this way and sete in that—a number of appropriate: 
yatintions which it is impossible to suppose. 

Nor is this all, Far more numerous appropriate varia~ 
tione would bo indirectly necessitated. The immense 
change in tho ratio of fore-quartera to hind-quarters would 
make requisite a corresponding change of ratio in the 
appliances carrying on the nutrition of tho two. ‘Tho 
entire vascular system, arterial and veinous, would have to 
undergo successive unbuildings and rebuildings to make its 
channels everywhcro adequate to the local requiroments; 
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since any want of ndjustment in the blood-supply in this 
or that set of muscles, would entail incapacity, failure of 
speed, and loes of life. Moreover the norves supplying tho 
various sets of muscles would have to be proportionately 
changod; se woll as the central nervous tracts from which 
they issued. Can we eappose that all these appropriate 
changes, too, would be step by step simultaneously made 
by fortunate spontancous variations, occurring along with 
all the other fortunate spontancous variations? Consider- 
ing how immense must be the number of those required 
changes, added to the changes above enumerated, the 
chances against any adequate re-adjustments fortuitously 
arising must be infinity to one. 

If the effects of use and disuse of parts are inheritable, 
then any change in the fore paris of the giraffe which 
affects the action of the hind limbs and back, will simul- 
taneously cause, by the greater or leas exercise of it, a 
ro-moulding of each component in the hind limba and 
back in a way adapted to the new demands; and generation 
after generation the entire structure of the hind-quarters 
will be progressively fitted to the changed structure of tha 
fore-quarters: all the appliances for nutrition and innerva- 
tion being’ at the same time progressively fitted to both, 
But in the absonce of this inhoritanco of functionally- 
produced modifications, there is no seeing how the required 
re-adjustments can be made, 


Yet # third class of difficulties stands in the way of the 
belief that the natural selection of oseful variations is the 
sole factor of organic evolution. This class of difficulties, 
already pointod ont in § 166 of the Principles of Biology, 
I cannot mora clearly set forth than in tho worda thero 
used. Hence I may porhaps be excused for here quoting 
them, 

Where the life is comparatively simple, or where surrounding ciroum= 
stances render some one funetion supremely important, the survival of the 
‘fittest may readily bring about the appropriate structural change, without any 
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sid from tho transmission of fonetional}y-noquirod 

proportion as the life grows Pocmar i  E 
‘cannot be secured by a large endowment of some oue power, bat se 
many powers; in the same proportion do there arise obstaeles to the inereasa 
of any partionlar power, by "the prosorration of faroured rene in the 
otruggle for lita.” An fast as tho faculties are multiplied, eo dest ose it 
become possible for the several members of @ species to have varices kinds 
of superiorities over one another. While one saves Sts life by Righer speed, 
another does the like by clearer vision, another by keener seont, another by 
quicker hearing, another by greater strength, another by unueeal power of 
enduring cold or hunger, another by special cagncity, another by mpecial 
timidity, another by special courage; und others by other bodily and mental 
at{ributes, Now it is anqucstionably trao that, other things equal, each of 
these attributes, giving its possossor on extra chance of life, is likely to be 
trausmnitted to pogterity. Dut there seems no reason to esppose that it will 
‘be increased in subsequent generations by netoral selection. That tt may be 
thus increased, the individuals not possessing more than average @ndow- 
monte of it, must be more frequently killed off than individuals highly 
endowed with it; and this ean bappen only when the aitribate ix one of 
greater importance, for tho time being, than mont of the other attributes, If 
those members of the specie which have but ordinary shares of it, neverthe- 
lose survive by virtue of other superiorities which they severally ponsean 
then it is not easy 10 bee how this particular attribute can be developed by 
nataral selection in subsequent generations. ‘The probability seems rather 
to be, that by gamogenodis, thie extra endowment will, om the aversgo, be 
diminished in posterity—just serving in the long run te compensate the 
deficient endowments of other individuals, whose apecial powers lic in other 
directions ; and so to keep up the normal structore of tho species. Tha 
working out of the process is bore somewhat diticult to follow ; but it appears 
tome that as {ast as the number of bodily and mental facalties incrensos, 
and as fast as the maintenanee of life comes to depend teas on the amount 
‘of any ono, and more on the combined action of all; co fnst does the pro- 
Anetion of spocialitien of charactor by natural selection slone, beeame 
dificult, Particularly does this seem to be so with a species so multitudinows 
in its powers ax mankind; and above all does it, seem to be so with each of 
the human powers ax hare but minor shares in aiding the etrugale tor tife— 
‘the mathotia taoalties, for example,” 

Dwelling for © moment on this lust illustration of the 
class of difficulties des ed, let us ask how we are to 
interpret the development of the musical faculty. I will 
not enlarge on the family antecedents of the great com= 
posers. I will merely suggest tho inquiry whether the 
greater powers possessed by Beethoven and Mozart, by 
‘Weber and Rossini, than by their fathers, wore nob dag 
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in larger measure to the inherited effceta of daily exercise 
of the musical faculty by their fathers, than to inheritance, 
with increase, of spontaneous variations; and whether the 
diffused musical powers of the Bach clan, culminating in 
those of Johann Sebastian, did not result in part from 
constant practice; bat I will raiso tho more general 
qrestion—How came there that endowment of musical 
faculty which characterizes modern Europeans at large, as 
compared with their remote ancestors. The monotonous 
chants of low savages cannot be said to show apy melodic 
inspiration; and it is mot evident that an individual 
ravage who had a littlo moro musical perception than tho 
rest, would derive any such advantage in the maintenance 
of life aa would secure the spread of his superiority by 
inheritance of the variation. And then what are wo to 
say of harmony ? Wo cannot suppose that the appreciation 
of this, which is relatively modern, can have arisen by 
descent from the men in whom successive variations 
increased the appreciation of it—the composers and musical 
performors ; for on the wholo, these have been men whoso 
worldly prosperity was not such as enablod thom to roar 
many children inheriting their special traits. Even if we 
count the illegitimate ones, the survivors of these added to 
the survivors of the legitimate ones, can hardly be held to 
have yielded more than average numbers of descendants; 
and those who inherited their spocial traits have not often 
been thereby eo nided in the etruggle for existence as to 
further the spread of such traits. Rather the tendency 
seems to have been the reverse. 

Since the above passage was written, Ihave found in the 
second volume of Animals and Plants under Domestication, 
® remark made by Mr. Darwin, practically implying 
that among creatures which depend for their lives on the 
efficiency of numerwus powers, the incroase of any one by 
the natural selection of a variation is necussarily difficnlt, 
Here it is. 3 

hos 
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Remembering that mankind, subject as they are to this 
domestication and cultivation, are not, like domesticated 
animals, under an agency which picks out and preserves 
particular variations; it results that there must usually be 
among them, under tho influence of natural selectian alone, 
continual disappearance of any useful variations of 
particular faculties which may arise. Only in cases of 
variations which are specially preservative, as for example, 
great cunning during a relatively barbarous state, can we 
expect increase from natural selection alone. We cannot 
suppose that minor traits, exemplified among others by the 
wsthetic perceptions, can have been evolved by natural 
selection, But if there is inheritance of functionally- 
produced modifications of structure, evolotion of such minor 
traits is no longer inexplicable. 


Two remarks made by Mr, Darwin have implications 
from which the same general conclusion must, I think, be 
drawn. Speaking of the variability of animals and plants 
under domestication, he says -— 

“Changos of any kind im the conditions of lifo, even extremely slight 
changes, often suftice to eanse variability, . , Animals and plants continue 
to be variable for an immense pericd after their first domestication ; 
In the course of time they can be habitaated to certain changes, 
‘bocome loss variable; . . . There is good evidence pare 
‘banged conditions accumulates; s0 thet two, three, or more generations 
must be exposed to new conditions before any effect i visible . 
Some variations nro induecd by the direct action of the surrounding 
‘conditions on the whole organization, or on certain parts alon’, and other 
variations are induced indirectly through the reproductive system being 
affected in the camo manner na is so common with organie beings when 
removed from thoir natural conditions."—(Animals and Plants under 
Domestication, vol. ii, 270.) 
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There are to be recognized two modes of this effect 
produced by changed conditions on the reproductive system, 
and consequently on offspring. Simple arrest of develop- 
ment is one. Bub beyond the variations of offspring arising 
from imperfectly developed reproductive systems in parents 
—variations which must be ordinarily in the nature of 
imperfections—there are others due to a changed balance 
of functions caused by changed conditions. The fact noted 
by Mr. Darwin in the above passage, “that the power of 
changed conditions accumulates; so that two, three, or 
more generations must be exposed to new conditions before 
any effect is visible,” implies that daring those generations 
there is going on some change of constitution consequent 
on tho changed proportions and relations of tho functions. 
I will not dwell on tho implication, which seems tolerably, 
clear, that this change must consist of such modifications 
of organs as adapt them to their changed functions; and 
that if the influence of changed conditions “ accumulates,” 
ib must be through the inheritance of such modifications, 
Nor will I pross the question—What is the nature of the 
effect rogisterod in the reproductive elements, and which 
is subsequently manifested by variations?—Is it an effect 
entirely irrelevant to the new reqnirements of tho varioty ? 
—Or is it an effect which makes the varioty less fib for the 
new requirements ?—Or is it an effect which makes ib more 
fit for the new zequirements? But nob pressing these 
questions, it snffices to point out the necessary implication 
that changed functions of organe do, in some way or other, 
register themselves in changed proclivities of the repro~ 
Guctive elements. In face of these facts it cannot be denied 
that the modified action of a part produces an inheritable 
effect—be the nature of that effect what it may. 

The second of the remarks above adverted to as made 
by Mr. Darwin, is contained in his soctions dealing with 
cortelated variations In the Origin of Species, p. 114, 
he says— 
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“Tho whole crysnisntion is wo tiod topether dering ite growth and devetop- 
mont, that when slight variations in any one part oocor, and are acounue. 
Inted through natural selection, other parts become modified.” 

And a parallel statement contained in Animale and Plants 
undor Domestication, vol. ii, p. 320, runs thas— 

“Comélated variation ix an important subject for we; for when one part 
ix modified through continued selection, either by man or under natore, 
other parte of the onganization will be unavoidably modified. Prom thie 
correlation it apparently follows that, with our domesticated animals and 
plants, varieties rarely or uever differ from each other by some singh 
charsoter alone,"* 

By what process docs a changed part modify other 
parts? By modifying their functions in some way or 
degree, ecems the necessary answer, It is indood, imagin- 
able, that whoro the part changed is some dermal appen- 
dago which, becoming larger, has abstracted mors of the 
needful material from the goneral stock, the effoct may 
consist simply in diminishing the amount of this material 
available for other dermal appendages, leading to diminn- 
tion of some or all of them, and may fail to affect in 
appreciable ways the rest of the organism: save perhaps 
the blood-veeeele near the enlarged appendage. But where 
the part is an netive ono—a limb, or viscus, or any organ: 
which constantly demands blood, producos waste matter, 
secretes, or absorbs—then all the other active organs 
become implicated in the change. The functions per~ 
formed by them have to constitute » moving equilibrium ; 
and the function of one cannot, by alteration of the struc- 
tare performing it, be modified in degree or kind, without 
modifying the fonctions of the rest—some appreciably and 
others inappreciably, according to the directnosa or indi~ 
rectness of their relations, Of such inter-dependent changes, 
the normal ones are naturally inconspicuous; but those 
which ure portially or completely abnormal, enfficiently. 
carry home the general truth. Thus, unuawal cerebral 
excitemont affects the excrotion through the kidneys in 
quantity or quality or both. Stroig emotions of disagrees 
able kinds check or arrest the flow of bile. A considerable 
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obstacle to the circulation offered by some important 
structure in a diseased or disordered state, throwing more 
strain upon the heart, causes hypertrophy of its muscular 
walls; and this change which is, so fur as concerns the 
primary evil, a romodial ono, often entails mischiefs in 
other organs. “ Apoplexy and palsy, in a scarcely credible 
number of cases, are diroctly dependent on hypertropic 
enlargement of the heart.” And in other cases, asthma, 
dropsy, and epilepsy are caueed. Now if a reault of thie 
inter-depondence as seen in tho individual organism, is that 
& local modification of one part produces, by changing their 
functions, correlative modifications of other parts, then the 
question here to be pat is—Are thoso correlative modifien= 
tions, when of s kind falling within normal limits, inheritable 
or not. If they are inheritable, then the fact stated by Mr, 
Darwin that “when one part is modified through continued 
selection,” “other parts of the organization will be una~ 
yoidably modified” is perfectly intelligible: these entailed 
secondary modifications aro transmitted pari pasew with the 
successive modifications produced by selection. But whntit 
they are notinheritablo? Then these secondary modifications 
caused in the individual, not being transmitted to descend 
ants, the descendants must commence life with organiza 
tions out of balance, and with each increment of change 
in tho part affected by selection, their organizations must 
get more ont of balance—must have o larger and larger 
amounts of re-organization to be mado during their lives. 
Hence tho constitution of the variety must become more 
and more unworkable, 

‘The only imaginable alternative is that the re-adjust- 
ments are effected in course of time by natural selection. 
But, in the first place, as wo find no proof of concomitant 
variation among directly co-operative parts which are 
closely united, there cannot be assumed any concomitant 
variation among parts which are both indiroctly eo-opera- 
tive and far from one another. And, in the second place, 
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before all the many required re-adjustments could be made, 
tho variety would dic ont from defective constitution. 
Even were there no such difficulty, we should still have to 
entertain a strange group of propositions, which wonld 
stand as follows:—1. Change in one part entails, by 
reaction on the organism, changes, in other parts, the fane- 
tions of which are necessarily changed. 2. Such changes 
worked in the individual, affect, in some way, the repro- 
ductive elements: these being found to cvolve unusual 
structures when the constitutional balance has been con- 
tinuously disturbod. 3. But the changes in the reproduc 
tive elements thns caused, are not such as represent these 
functionally-produced changes: the modifications conveyed. 
to offspring are irrelevant to these various. modifications 
functionally produced in the organs of the parenta. 4. 
Nerertheless, while the balance of functions cannot be re- 
established through inheritance of tho effects of disturbed 
functions on atructuros, wrought throughout the individaal 
organism; it can be re-established by the inheritance 
of fortuitous variations which occur in all the affected 
organs without reference to these changes of function. 

Now without saying that accoptance of this group of 
propositions is impossible, we may certainly say that it is 
not easy. 


“But where are the direct proofs that inheritance of 
fanetionally-produced modifications takes place!” is a 
question which will be put by those who have committed 
themselves to the current exclusive interpretation. “Grant 
thab there are difficulties; still, before the transmitted 
effects of uso and disuse can bo legitimately assigned in 
explanation of them, we must have good evidence that the 
effects of uve and disuse are transmitted.” 

Bofore dealing dircetly with this demurrer, let mo deal 
with it indirectly, by pointing out that tho lack of recog- 
nized evidence may be accounted for without assuming 
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that there is not plenty of it. Tnattontion and reluctant 
attontion load to the ignoring of facta which really exist in 
abundance ; ax ix well illustrated in the case of pre-historic 
implements. Biassed by the current belief that no traces 
of man were to be found on the Harth’s surface, save in 
certain superficial formations of very recent date, geologists 
and anthropologists not only noglocted to seek such traces, 
but for a long time continued to pooh-pooh those who suid 
they had found them. When M. Boucher de Perthos at 
length succended in drawing the eyes of scientific men to 
the flint implements discovered by him in the quarternary 
deposits of the Somme valley; and when goologiste and 
anthropologists had thus been convinced that evidences 
of human existence were to be found in formations of 
considerable age, and thereafter bogan to search for them ; 
they found plenty of them all over the world. Or again, 
to take an instance closely germane to the mattor, we may 
recall the fact that the contemptuons attitude towards 
the hypothesis of organic evolution which naturalists im 
gencral maintained before the publication of Mr. Darwin's 
work, prevented them from seeing the multitadinous facts 
by which it is supported. Similarly, it is very possible 
that their alionation from tho belief that there is a trans- 
mission of those changes of structure which are produced 
by changes of action, makes naturalists slight the evidence 
which supports that belief and refuse to oceupy themselves 
in seeking further evidence. 

If it be asked how it happens that there have been 
recorded multitudinons instances of varintions fortuitously 
arising and re-appearing in offspring, while there have not 
been recordcd instarees of the transmission of changes 
functionally produced, there aro three replies. The first 
is that changes of the one class are many of them con- 
spicuous, while those of the other class are nearly all 
inconspicuous. If a child is born with six fingers, the 
anomaly is not simply obvious but so startling as to attract 
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much notice; and if this child, growing up, has six- 
fingered deecondents, everybody in tho locality hears of 
it, A pigvon with specislly-coloured feathers, or one 
distinguished by a broadened and upraised tail, or by « 
protuberance of the neck, draws attention by ite oddness 5 
and if in its young tho trait ix repented, with 
increase, the fact is remarked, and there follows the thought 
of ostablishing the peculinrity by selection. -A lamb dis= 
abled from leaping by tho shortness of its logs, could not 
fail to be observed; and the fact that ite offepring were 
similarly short-loggod, and had a consequent inability to 
get over fences, would inevitably become widely known, 
Similarly with plants. That this flower had an extra 
number of petals, that that was unusually symmetrical, 

and that another differed considerably in colour from the 
average of its kind, would be easily seen by an observant 
gardonor; and tho suspicion that such anomalics aro 
inheritable having arisen, experimenta leading to further 
proofs that they aro so, would frequently be made. But it 
ix not thus with functionally-produced modifications. ‘The 
seats of these are in nearly all cases the muscolar, osseous, 
and nervous systems, and the viscera—parts which aro 
either entirely hidden or greatly obscured. Modifiention 
in a nervous contre is inaccessible to vision; bones may be 
considerably altered in size or shapo without attention 
being drawn to them; and, covorod with thick couts ag 
are most of the animals open to continuous observation, the 
increases or decreases in mnsclox maxt bo great before they 
become externally perceptible. 

A further important difference between the two inquiries 
is that to ascertain whether a fortuitous variation is 
inheritable, noods morely a little attention to the solection 
of individuals and tho observation of offspring; while to 
ascertain whether there ia inheritance of a functionally= 
produced modifiention, it ix requisite to make arrangements 
which demand the greater or smaller oxercise of some part 
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or parta; and it is difficult in many cases to find such 
fArrangemente, troublesome to maintain them even for one 
generation, and still more through successive generations. 

Nor is thisall, There exist stimuli to inquiry in the ane 
case which do not exist in the other, The money-interess 
und the intorest of the fancier, acting now separately and. 
now togother, have prompted maltitudinous individuals to 
make experiments which have brought out clear evidence 
that fortuitous variations are inherited. The cattle-breeders 
who profit by producing cortain shapes and qualities ; tho 
keepers of pet animals who take pride in the perfeetions 
of those they have bred; the florists, professional and 
wnateur, who obtain new varieties and take prizes; form a 
body of men who furnish naturalists with countless of the 
required proofs. But there is no such body of men, led 
cithor by pecuniary intorost or tho intorest of a hobby, to 
ascertain by experiments whether the effecte of use and 
disuse aro inhoritablo. 

‘Thus, then, there are amply sufficient reasons why there 
is a great deal of direct evidonco in the one case and but 
little in. the other: such little being that which comes out 
incidentally. Let us look at what there is of it. 


Considerable weight attaches to a fact which Brown 
Séquard discovered, quite by accident, in the course of 
his researches. He found that certain artificially-produced 
lesions of the nervous system, #0 small even as a section of 
the sciatic nerve, left, after healing, an increasing excit- 
ability which ended in liability to epilepsy; and there 
afterwards came out the nnlooked-for result that the 
offepring of guinea-pigs which had thus acquired an 
epileptic habit such that a pinch on the neck would produce 
a fit, inherited an epileptic habit of like kind. It bas, 
indeed, been since alleged that guinea pigs tend to opilepsy, 
and that phenomena of the kind described, occur where 
there have been no antecedents like those in Brown« 





wwe may, until Soe it ed seats die eae 
some value to his resulta. 


Evidence not of this directly oxperimontal kind, but 
novortheless of considerable weight, is furnished by other 
nervous disorders, There is proof enough that insanity 
admits of being induced by circumstances which, in one or 
other way, derange the norvous functions—excesses of this 
or that kind; and no one questions the accepted belicf 
that insanity is inheritable. Is it alleged that the insanity 
which is inheritable is that which gpontancoualy arises, and 
that the insanity which follows some chronic porvorsion of 
functions is not inheritable? This does nob seem a 
reasonable allegation; and until some warrant for it is 
forthcoming, we may fairly assume that there is here a 
farther support for belief in the transmission of fanctionally~ 
produced changes. 

Moreover, I find among physicians tho belief that 
nervous disorders of o lesa severo kind are inhoritable, 
Men who have prostrated thoir nervous systems by prolonged. 
overwork or in some other way, have children more or less 
prone to nervousness. It matters nob what may be the 
form of inheritanco—whether it be of a brain in some way 
imperfeot, or of @ deficient blood-supply ; it is im any case 
the inhoritanco of functionally-modified atractures, 

Verification of tho reasons above given for the paucity 
of this direct evidence, is yiolded by contomplation of it ; 
for it is observable that the cases named are cases which, 
from one or other canso, havo thrast thomeelyes on 
observation. Thoy justify the suspicion that it is not 
because such cases are rare that many of them cannot be 
cited ; but simply because they are mostly unobtrusive, and 
to be found only by that deliberuto search which nobody 
makes. I say nobody, but 1am wrong. Successful search 
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hae been made by one whose compotence ns an obsorvor is 
beyond question, and whose testimony is lees liable than 
that of all others to any bias towards the conclusion that 
such inheritance takes place, I refer to the author of 
the Origin of Species. 


Now-a-days most naturalists are more Darwinian than 
Mr. Darwin himsclf. I do not mean that their belicfs in 
organic cyolution are more decided; though I shall bo 
supposed to mean this by the mass of readers, who identify 
Mr. Darwin's great contribution to the theory of organic 
evolution, with the theory of organic avolution itself, and 
even with the theory of evolution at large. But T mean 
that the particular factor which he first recognized as 
having played so immense a part in organic evolution, has 
come to be regarded by his followers os the sole factor, 
though it wos not so regarded by him, It is true that ho 
apparently rejected altogether the causal agencies alleged 
by earlier inquirers. In the Historical Sketch prefixed to 
the later editions of his Origin of Species (p. xiv, note), 
he writes :—“Ts ix curious how largely my grandfather, 
Dr. Erasmus Darwin, anticipated tho viows and erroneous 
grounds of opinion of Lamarck in his ‘ Zoonomia’ (vol. i, 
pp: 500-510), published in 1704.” And since, among the 
views thas referred to, was the viow that changes of 
structure in organisms arise by the inheritance of function- 
ally-produced changes, Mr. Darwin seems, by the above 
sentence, to have implied his disbelief in such inheritance. 
But he did not mean to imply this; for his boliof in it aa 
8 cause of evolution, if not an important cause, is proved 
by many passages in his works. In the first chapter of 
the Origin of Species (p. 8 of the sixth edition), ho anys 
respecting tho inherited clfocta of habit, that “with 
animals the increased use or disuse of parts has had a more 
marked inflacnee;”’ and he gives as instances tho 
relative woights of the wing bones and leg bones of the 











wild duck and the domestic duck, “the great and inher- 
ited development of the udders in cows and goats,” and 
the drooping ears of various domestic animals. Here aro 
othor passagos taken from the latest edition of the work. 
“I think there oan be no donbt that uke in our domestic animals has 
strengthened and enlarged certnin garts, and disnwe diminished there ; mud 
that such modifications aro inherited’ (p. 108). [And on the following 
paqes he gives five further exemples of ruch elects.) Habit in predecing 
constitutional pecaliarities and use in streagthening and disuse in weaken= 
ing and diminiching organs, appear in many cases to have beon potent in 
thoir effects" (p, 131}, When discazsing epecial eases, Mr. Mivaxt pasacs 
over the effects of the increased use and disuse of parts, whisk I hays 
always maintained to be highty important, and have treated in my * Varin~ 
tion under Domestication’ at greater length than, as 1 naan a 
writer" (p. 176). Disuse, on the other band, will neoount tee the tom 
developed condition of the wholo inferior half of tho body, aig the 
Interal fins” (p. 188), “1 may give another instanoo of m 
Apparently owes ite origin exelntively to use pert tnd si “a 
Apposss probable that disuse nas been the main agent in rendering ongame 
rudimentary” (pp. 400401). “ On the whole, we may conclude that habit, 
of nee and disuse, have, in some cases, played a considerable part in the 
modification of the constitution and structure; but thet the effects have 
often been largely combined with, and sometimes overmastered by, tha 
‘atural selection of innate variations" (p. 1b4), 

In hia subsequent work, Zhe Variation of Animale and 
Plants under Domestication, whore he goos into fall detail, 
Mr. Darwin gives more numerous illustrations of the 
inherited effects of use and disuse. ‘The following are some 
of the cases, quoted from volume i of the first edition. 

Treating of dcmeeticated rabbits, he says;—" the want of exercise Ems 
apparently modified the proportional length of the limbs ia comparison with 
th body" (p. 116), * Wo thus ¢eo that the moat important and complicated 
‘organ [the brain] in the wholo organization in subject to the law of decresee 
im aizo from disuns"" (p. 199). Ho remarks that ia birds of the oceanio 
islands “‘not persecuted by any enemies, the reduction of thelr wingy bins 
probably boen caused by gradaal disse.” After comparing one of these, the 
water-hen of ‘Tristan d'Acunha, with the Kurepean water-hen, and showing 
that all the bones concerned in fight are amaller, he adds—"' Henoo im the 
skeleton of this natural species nearly the same changes have occurred, only 
carried a little further, as with our domestic ducks, and in this Ietter onse E 
Fromme no one will dispute that they have resulted trom tho lessened use of 
‘the wings ond the increased use of the legs” (pp. 286-7), As with other 
Jong-domesticated animals, the instincts of the silk-moth have suffered, Tha 
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‘eaterpillars, when placed on a mulberry-tree, often commit the strazgn mis- 
take of devouring the base of the leat on which they are feeding, and 
consequently full down; but they are oxpabla, asconing to M. Hobinet, of 
egain crawling op the tronk. Even this capacity sometimes fails, for 
M. Martins placed somo caterpillars on @ tree, and those which fell were 
notable to remount and perished of hunger; they were even incapable of 
passing from leat to leaf" (p. 304). 

Here are somo instances of like meaning from volume il. 


“In many eases thore is reason to boliove that the lesiened ase of various 
‘organs has affected the corresponding paris in the oflapring, Bat there ia no 
good evidence that this ever follows in the course of a single genecation. . . 
‘Our domestic fowls, ducks, and geese have almost lost, not only in the 
individaal bot in the moo, their power of Might; for we do not seo a chicken, 
when frightened, take flight Mle a young pheasant... . With domestic 
pigeons, the length of the sternum, the prominence of its erest, the length ot 
the soxpalm and furcals, the length of tho wings as measured from tp to tip 
of tho radius, aro nll reduced relatively to the same parte in the wild pigeon.” 
[After detailing kindred diminutions in fowls and ducks, Mr. Darwin adds] 
“The decreased weight and size of the bones, in the foregoing cases, is 
probably the indirect result of tha reaction of the weakened muscles on the 
bones" (pp. 207.8). “Nathusioa has chown that, with the improved races 
of tho pig, the shortened legs and snout, the form of the articular condyles of 
the occiput, and the position of the jaws with the upper eanine tecth pro- 
jecting in a most anomalous manner ia front of the lower eanines, may be 
attributed to these parts not having been fully exercised. . . . Theso modi- 
fications of structure, which ere all strictly inherited, characterise several 
improved breods, so thnt they cannot have been derived from any single 
Gomestio or wild stock, With reepeot to eattié, Profemor Tanner has 
remarked that the Lungs and liver in the improved broeda * are foand to be 
considerably reduced in sise when compared with thove possessed by animals 
having perfuct liberty; . . . ‘fhe cause of the reduced lange in 
anitnaln which take little exercise is obvious" (pp. 299.800). [And on pp. 
301, 302 and 903, ho gives {nots showing tho effeats of use and disuse in 
changing, among domestic animals, the characters of the cars, the luogths 
of the intents, ‘and, in various ways, the natures of the instinots.) 

Bot Mr. Darwin's admission, or rather his assertion, 
that the inheritance of functionally-produced modifications 
has been a factor in organic evolution, is made clear not 
by these passoges alone and by kindred ones. It is mado 
clearer still by a paseage in the preface to the second edition 
of his Descent of Man, He there protests against that 
current version of his views in which this factor makes no 


appearance, ‘The passage is as follows. 








of use and disuse, with respect both to the body and mind.'* 
Nor is this all. ‘Thoro is evidence that Mr. Darwin's 
belief in the efficiency of this factor, became stronger as he 
grew older and accumulated more evidence. The firat of 
the extracts above given, taken from the sixth edition of the 
Origin of Species, rans thus -— 

“I think there can be no doubt that uso in our domestic animals has 


strengthened and enlarged certain parts, and disuse diminished them; and 
that such modifications are inherited.’" 


Now on turning to the first edition, p. 134, it will be 
found that instead of the words—*I think there can be no 
doubt,” the words originally used were—‘I think there 
can bo little doubt.” That this doliborate crasure of 
@ qualifying word and substitution of a word implying 
unqualified belief, was duo to a more decided recognition of 
a factor originally under-estimated, is clearly implied by the 
wording of the wbove-quoted passage from the preface to 
the Descent of Man; where he says that “even in the frst 
edition of the ‘Origin of Species,’” &c.: the implication 
being that much more in subsequent editions, and subeequent 
works, had he insisted on this factor. Tho change thus 
indicated is especially significant as having occarred at 
a time of life when the natural tendency is towards fixity 
of opinion. 

During that earlier period when he was diseovering the 
multitudinous cases in which his own hypothesis afforded 
solutions, and simultanoously observing how utterly futile 
in these maltitudinous cases was the hypothesis pro- 
pounded by his grandfather and Lamarck, Mr, Darwin 
was, not unnaturally, almost betrayed into the beliof that 
the one is all-sufficient and the other inoperative. But 
in the mind of one so candid and evor open to more 
evidence, thore naturally came a reaction. The inheritance 
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of functionally-produced modifications, which, jadging by 
tho passage quoted above concorning the views of these 
earher enquirers, would seem to have been at ono timo 
denied, but which as we have seen was always to some 
extent recognized, came to be recognized more and more, 
and deliberately included as a factor of importance. 


Of this reaction displayed in tho later writings of Mr. 
Darwin, lot us now ask—Has it not to be carried further f 
Was the sharo in organic evolution which Mr. Darwin 
latterly assigned to the transmission of modifications caused 
by use und disuso, its dae share? Consideration of the 
groups of evidences given above, will, I think, lead ns 
to believe that its share has been much larger than he 
supposed even in his later days. 

There is first the implication yielded by extensive 
classes of phenomena which remain inexplicable in the 
absence of this factor. If, as we see, co-operative parta do 
not vary together, even when few and close together, and 
may not therefore be assumed to do so when many and 
remote, we cannot account for those innumerable changes 
in organization which are implied when, for advantageous 
use of some modified part, many other parts which join it 
in action have to be modified. 

Further, as incronsing complexity of structure, accom 
panying increasing complexity of life, implios increasing 
number of faculties, of which each one conduces to preserva 
tion of self or descendants; and as the various individuals 
of a species, severally requiring something like the normal 
amounts of all these, may individually profit, here by an 
nnasval amount of one, and there by an unusual amount of 
another ; it follows that aa the number of faculties bocomes 
greater, it becomes more difficult for any one to be further 
developed by natural soloction. Only where increase of 
some one is predominantly advantageous does the means 
weem adequate to the end. specially in the ease of 
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tected and pampered lives. Of the nomerous case 
by Mr. Darwin, it is observable that they an 
not by one class of parts only, but by most if no 
‘by the dermal system, the muscular system, th 
system, the nervous system, the viscern; and tha 
parts liable to be functionally modified, the mos 

observed cases of inheritance are furnished b; 
‘Wet se which admit of preservation and easy comparison— 
rr bones: these cases, moreover, being specially signifi 
Swat as showing how, in sundry unallied species, paralle 
ee eanges of structure have oceurred along with paralle 
ee» anges of habit, 

a then, shall we say of the general implication 
gelato 0 to stop short with the admission that inhoritanc 
eet Tanationally-produced modifications takes place only ii 
> Seeeites in which there is evidence of it? May we proper!; 

that these many instances of changes of structun 
hy changes of function, occurring in various tissue 
various organs, are merely special and exceptiona 
nces having no general significance? Shall w 
that though the evidence which already exist 
come to light without aid from a body of inquirere 
there would be no great increase were dua attentio) 
devoted to the collection of evidence? This is, I think 
Zot a reasonable supposition. To me the ensemble of th 
facts suggests the belief, scarcely to be resisted, that th 
inheritance of functionally-produced modifications take 
Place universally. Looking at physiological phenomena a 
conforming to physical principles, it is difficult to conceiv, 
that o changed play of organic forces which in man} 
cases of different kinds produces an inherited change o 
Stracture, does not do this in all cases. The implication 
Yery strong I think, is that the action of every orga 
Produces on it reaction which, usually not altering it 
rate of nutrition, sometimes leaves it with diminishe 
Rutrition consequent on diminished action, and at othe 
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times increases ite nutrition in proportion to ite increased 
action; that while generating a modified consensus of 
fonctions and of structnros, the activities are at the same 
time impressing this modified conrenens on the 
and germ-cells whence future individuals are to be pro- 
duced; and that in ways mostly too small to be identified, 
but occasionally in more conspicuous ways and in the 
course of gonorations, the resulting modifications of one or 
other kind show themselves, Further, it seems to me that 
ns there are certain extensive classes of phenomena which 
are inexplicable if we assume the inheritance of fortuitous 
variations to be the sole factor, but which become ab once 
explicable if we admit the inheritance of functionally-pro- 
duced changes, we are justificd in concluding that this 
inheritance of functionally-produced changes has been not 
simply a co-operating factor in organic evolution, but has 
been a co-operating factor without which organic evolu- 
tion, in its higher forms at any rate, could nover have 
taken place. 

Be this or be it not a warrantable conclusion, there is, 
I think, good reason for a provisional acceptance of the 
hypothesis that the effects of use and disuse aro inheritable ; 
and fora methodic pursuit of inquiries with the view of either 
establishing it or disproving it. It sooms scarcely reasonable 
to accept without clear demonstration, the belief that while 
a trivial difference of structure arising spontaneously is 
transmissible, a massive difference of structure, main< 
tained generation after generation by change of function, 
leavos no trace in posterity. Considering that unquestionably 
the modification of structure by function is a vera cause, 
in 20 far as concerns the individual; and considering 
the number of facts which so competent an observer as 
Mr. Darwin regarded as evidence that transmission of 
such modifications takes place in particular cases; the 
hypothesis that such transmission takes place in come 
formity with a general law, holding of all active structures, 
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should, I think, be regarded as at least a good working 
bypothosia. , 


But now supposing the broad conclusion above drawn to 
be granted—supposing all to agree that from the beginning, 
along with inheritance of uscful variations fortuitously 
arising, there has been inheritance of effecta produced by 
uso and disuse; do there remain no classes of organic 
phonomona unaccounted for? To this question I think it 
must be replied that there do remain classes of organic 
phenomena unaccounted for. It may, I believe, be shown 
that certain cardinal traits of animals and plants at large 
are still unexplained; and that » further factor must 
be recognized. To show this, howover, will roquire 
snother paper, 


IL 
Ask a plumber who is repairing your pump, how the 
water is raised in it, and he replies—“ By suction.” Recall- 
ing the ability which he has to suck up water into his 
mouth through a tube, he is certain that he understands 
the pump’s action. To inquire what he means by suction, 
seems to him absurd. Ho says you know as woll as he 
does, what he means; and he cannot see that there is any” 
need for asking how it huppens that the water rises in the 
tube when he strains his mouth in # particular way. To 
the question why the pump, acting by suction, will not 
make the water rise above 82 feet, and practically not so 
much, he ean give no answer; buat this doce not shake his 

confidence in his explanation. 
On the other hand an inquirer who insists om knowing 
what suction is, may obtain from the physicist answers 
which give him clear ideas, nob only about it but about 
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things around, there is an atmospheric pressure amounting 
to about 15 pounds on the equare inch: 15 pounds being 
the average weight of a colamn of air having a square inch 
for ita base and extending upwards from the sea-level to 
tho limit of the Earth’s atmosphere. He is made to observe 
that whon he puts one end of » tube into water and the 
other end into his mouth, and then draws back his tongue, 
to leaving » yacant space, two things happen. One is that 
tho pressure of air outside his checks, no longer balanced 
by am equal pressure of air inside, thrusts his cheeks 
inwards; and the other is that the pressure of air on 
the surface of the water, no longer balanced by an equal 
pressure of air within the tube and his mouth (into which 
part of the air from the tube has gone) the water is forced 
up the tube in consequence of the unequal pressure. Once 
understanding thus the nature of the so-called suction, 
ho scos how it happens that when the plunger of the pump 
ia raised and relieves from atmospheric pressure the water 
below it, the atmospheric pressure on tho water in the well, 
not being balanced by that on the water in the tube, forces: 
the water higher up the tube, so that it follows the planger. 
And now he secs why the water cannot be raised beyond 
the thooretic limit of 82 feet; a limit made much lower 
in practice by imperfections in the apparatus, For if, 
simplifying the conception, he supposes the tube of the 
pump to be a squaro inch in section, then the atmospheric 
pressure of 15 pounds per square inch on the water in the 
well, can raise the water in the tube to such height only 
thab the entire column of it weighs 15 pounds. Having 
been thus enlightened about the pump’s action, the action 
of @ barometer becomes intelligible. He perceives how, 
under the conditions ostablishod, tho weight of tho column 
af meronry balanoos that of an atmospheric column of 
equal diameter; and how, as the weight of the atmospherio 
column varies, thera is a corresponding variation in the 
weight of the mercurial column,—shown by change of 
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height. Moreover, having previously supposed that he 
understood the ascent of a balloon when he ascribed it to 
relative lightness, he now sces that he did not truly under- 
stand it, For he did not recognize it as a rosult of that 
upward pressure caused by the difference between the 
woight of the mass formed by the gus in the balloon plus 
the cylindrical column of air extending above it to the limit 
of the atmosphere, and the weight of a similar cylindrical 
column of air extending down to the under surface of the 
balloon: this difference of weight causing an equivalent 
upward preesure on the under surface, 

Why do I introduce these familiar traths so entirely irre- 
lovant to my subject? I do it to show, in the firat place, 
the contrast between a vague conception of a canse and a 
distinct conception of it; or rather, the contrast between 
that conception of a cause which results when it is simply 
classed with somo other or others which familiarity makos 
us think wo understand, and that conception of a canso 
which results when it is represented in terms of definite 
physical forces admitting of measurement. And I do it to 
show, in the second place, that when we insist on resolving 
& verbally-intelligible cause into its actual factors, we 
get not only « clear solution of the problem before us, bat 
we find that the way is openod to solutions of sundry other 
problems. While we rest satisfied with unanalyzed causes, 
‘we may be sure both that we do not rightly comprehend the 
production of the particular effects ascribed to them, and 
that we overlook other effects which would be revealod 
to us by contemplation of the canses as analyzed. Easpe- 
cially must this be so where the causation is complex. 
Hence we may infer that the phenomena presonted by 
the d>velopmont of species, are not likely to be truly 
conceived unless wo keop in view the concrete agencies at 
work. Lot us look closely at the facts to be dealt with, 


The growth of a thing is effected by the joint operation 
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of certain forces on certain materials; and when it dwindles, 
there is either a lack of some materials, or the forces co- 
operate in a way different from that which produces growth, 
Ifa structure has varied, the implication is that the processes 
which built it up wore made unlike the parallel processes 
in other cases, by the greater or less amount of some one or 
more of the matters or actions concerned. Where there 
is unusual fertility, the play of vital activities is thereby 
shown to have deviated from the ordinary play: of vital 
activities; and conversely, if there is infertility. If the 
germs, or ova, or seed, or offspring partially developed, 
survive more or eurvive less, it ie either because their 
molar or molecular structures are unlike the average ones, 
or because they are affected in unlike ways by surrounding 
agencies. When life is prolonged, the fact implies that 
the combination of actions, visible and invisible, eonsti« 
tuting life, retains its equilibrium longer than usual in 
presence of environing forces which tend to destroy its 
equilibrium. ‘That is to say, growth, variation, survival, 
death, if they are to be reduced to the forms in which 
physical science can recognize them, must be expressed 
as effects of agencies definitely conccived—mechanical 
forces, light, heat, chemical affinity, do. 

This general conclusion brings with it the thought thas 
the phrases employed in discussing organic evolution, 
though convenient and indeed needful, are liable to mislead 
‘us by veiling the actual agencies. ‘That which really goes 
on in every organi«m is the working together of component 
parte in ways conducing to the continuance of their com- 
bined actions, in presence of things and actions ontside; 
some of which tend to subserve, and others to destroy, the 
combination. The matters and forces in these two groups, 
are the sole canses properly so called. ‘The words “natn- 
ral selection,” do not express = cause in the physical sense. 
‘They express a mode of co-operation among causes—or 
rather, to speak strictly, they express an effect of this 


a 
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mode of co-operation. The idea they convey seems perfectly 
intelligible, Natural selection having been compared with 
artificial selection, and the analogy pointed out, there 
Apparently romaing no indefiniteness: the imeonvenience 
being, howover, that tho definiteness is of a wrong kind. 
The tacitly implied Nature which selects, is not an em- 
bodied agency analogous to the man who selects artificially 5 
and the selection is not the picking out of an individual 
fixed on, but the overthrowing of many individuals by 
agencies which one successfully resists, and hence con- 
tinues to live and multiply. Mr. Darwin was conscious 
of these misleading implications, In the introduction to his 
Animals and Plants under Domestication (p. 6) he says:— 

"For brovity sake I sometimes epeak of natural selection as an inteiligent 
power; . . . I have, slso, often peronified the word Nature; for I have 
found it difficult to evoid this ambiguity; but I mean by nature only the 


‘aggregate notion and product of many natural Jaws—and by laws only the 
sscortained nequence of events." 


But while he thus clearly saw, and distinctly assorted, 
that the factors of organic evolution are the concrete 
actions, inner and outer, to which every organism is 
subject, Mr. Darwin, by habitually using the convenient 
figure of speech, was, I think, prevented from recognizing 
20 fully as he would otherwise have done, certain fundia- 
mental consequences of these actions, 

Though it does not personalize the cause, and doos not 
assimilate its mode of working to a haman mode of work- 
ing, kindred objections may bee urged against the expression 
to which 1 was led when secking to present the phenomena 
in literal terms rather than metaphorical terms—the sur 
vival of the fittest;* for in a yaguo way tho first word, 
and in a clear way the second word, calls up an anthro- 


* ‘Though Mr. Darwin approved of this expression and ocensiomlly 
emplayed it, he did not adopt it for general uso; contending, very truly, 
that the expression Natural Selection is in pome cases more convenient, 
Bee Animaty and Pants under Domestication (Gat edition) Vol. i, p. Gs and 
Origin of Species (sixth edition) p. 4%. 


— 





430 THE FACTORS OF ORGANIC EVOLUTION. 


pocontris idea, ‘The thoaght of survival inovitably suggests 
the human view of certain sets of phenomena, rathor than 
that charucter which they have simply as groups of 
changes. If, asking what we really know of a plant, we 
exclude all the ideas associated with the words life and 
death, we find that the sole facts known to us are that 
there go on in the plant certain inter-dependent processes, 
in presence of certain niding and hindoring influences out 
side of it; and that in some cases a difference of structure 
or a favourable set of circumstances, allowa these inter 
dopendent processes to go on for longer periods than in 
other cases. Again, in the working togethor of those many 
actions, internal and external, which determine the lives 
or deaths of organisms, we see nothing to which the words 
fitness and unfitness are applicable in the physical sense. 
If a key fits a lock, or a glove a hand, the relation of the 
things to one another is presentable to the perceptions. 
No approach to fitness of this kind is mado by an organism 
which continues to live under certain conditions. Neither 
the organic structures themselves, nor their individual 
movements, nor those combined movements of certain 
among them which constitute conduct, are related in any 
analogous way to the things and actions in the environ 
ment. Evidently the word fittest, as thus used, is a figure 
of specch; suggesting the fact that amid surrounding 
actiong, an organism characterized by tho word has either 
a greater ability than others of its kind to maintain the 
equilibrinm of its vital x ities, or else hay so much 
greater a power of multiplication that though not longer 
lived: than they, it continues to live in posterity more 
persistently. And indeed, as wo here see, the word fittest 
has to cover cases in which there may be less ability than 
usual to survive individually, but in which the defect is 
more than made good by higher degrees of fertility. 

I have elaborated this criticism with the intention of 
emphasizing the neod for studying the changes which have 
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gone on, and are ever going on, in organic bodies, from an 
exclusively physical point of view. On contemplating tho 
facts from this paint of view, we become awaro that, 
besides those special effects of tho co-operating forcos 
which eventuate in the longer survival of one individual 
than of others, and in the consequent increase through 
generations, of some trait which furthered its survival, 
many other effects are being wrought on each and all 
of the individuals. Bodies of every class and quality, 
inorganic as well as organic, are from instant to instant 
subject to tho influences in their environments; aro 
from instant to instant being changed by these in ways 
that are mostly inconspicuous; and sre in course of time 
changed by them in conspicuous ways. Living things in 
common with dead things, are, I say, being thus perpetn- 
ally acted upon and modified; and the changes hence 
resulting, constitute an all-important part of those undor- 
gono in the course of organic evolution. I do not mean to 
imply that changes of this class pass entirely unrecognized ; 
for, as we shall see, Mr. Darwin takes cognizance af certain 
secondary and special ones. But the effects which are not 
taken into account, are those primary and universal effects 
which give certain fundamental characters to all organisms. 
Contemplation of an analogy will best prepare the way for 
appreciation of them, and of the relation they bear to those 
which at present monopolize attention, 

An observant rambler along ehores, will, here and there, 
note places where the sea has deposited things more or less 
similar, and separated them from dissimilar things—will 
see shingle parted from sand; larger stones sorted from 
smaller stones; and will occasionally discover deposits of 
shells more or less worn by being rolled about. Sometimes 
tho pebbles or boulders composing the shingle at one end 
of s bay, he will find much larger than those st tho 
othor: intermediate sizes, having small average di 
occupying the space between the extremes, An example 
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ccours, if I remember rightly, some mile or | 
wost of Tenby; bat the most remarkable and 
example is that afforded by the Chesil bank. Here, along 
a shore some sixteen miles long, there is a gradual in- 
crease in the sizes of the stones; which, being at one end 
but mere pebbles, are at the other end immense boulder 
Tn this caso, then, the breakers and the undertow hare 
effected a selection—have at each place left behind those 
“tones which were too largo to be readily moved, whilo 
taking away others small enough to be moved easily, But 
now, if we contemplate exclusively this selective action of 
the sea, we overlook certain important effects which the 
sca simultaneously works. While the stones have been 


differently acted upon in so far that some have been left 


bere and some carried there; they have been similarly 


against another, the waves hava so broken off their most 
prominent parts as to produce in all of them mors or less 
rounded forms; and then, further, the mutual friction 
of the stones simultaneously caused, has smoothed their 
surfaces. That is to say in general terms, tho actions of 
environing agencies, so far as they have operated indiscri- 
minately, have produced in the stones a certain unity of 
character; at the same time that they have, by their 
differential effects, separated them: the larger ones having 
withstood certain violent actions which the smaller ones 
could not withstand. 

Similarly with other assemblages of objects which aro 
alike in their primary traits but anlike in their secondary 
traits. When simultaneously exposed to the same set of 
actions, some of these actions, rising to a certain intensity, 
may be expected to work on particular members of the 
assemblage changes which they cannot work in those which 
are markedly unlike; while others of the actions will work 
in all of them similar changes, because of the uniform 





relations between these sctions and certain attributes 
common to all members of the assemblage. Hence it is 
inferable that on living organisins, which form an assem= 
blage of this kind, and are unceasingly exposed in common 
to the agencies composing their inorganic environments, 
thero must be wrought two snch scts of effects. There 
will reeult a universal likenees among them consequent on 
the likeness of their respective relations to the matters 
and forces around; and there will result, in somo cases, the 
differences due to the differential effects of these matters 
and forees, and in other cases, the changes which, being 
life-sustaining or life-destroying, eventuate in certain 
natural selections, 

Thaye, above, made a passing reference to the fact that 
Mr. Darwin did not fail to take account of some among 
these effects directly produced on organisms by surrounding 
inorganic agencies. Here are extracta from the sixth 
edition of the Origin of Species showing this. 

“Th is very diflcalt to decide bow far changed conditions, exch as of 
climate, food, &e,, have acted in a definite manner, There ix reason to 
believe that in the course of time the effects have been greater than can be 
Proved by clear evidence, . . . Mr, Gould believes that birds of the same 
‘species are more brightly coloured under a clear atmosphere, than when 
living near the eoast or on islands; and Wollaston x convinced that 
residence neat tho sea affects the coloura of insects. Moguin-Tandon 
gives a list of plants which, when growing near the sea-shore, have their 
Toaves in some degree fleshy, though not elsewhere ttashy" (pp. 106-7). 
“Some observers are convinced that = damp climate affects the growth of 
the hair, and that with the hair the horns are correlated" (p. 129), 

In his subsequent work, Animals and Plants under 
Domestication, Mr. Darwin still more clearly recognizes 
those causes of change in organization. A chapter is 
devoted to the eubject, After premising that “the direct 
action of the conditions of life, whether loading to defimte 
or indefinite results, is a totally distinct consideration 
from the effects of natural selection ;” he goos on to say 
that changed conditions of life “have acted so definitely 
and powerfully on the organisation of our domesticated 
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productions, that they have sufficed to form new she 
varietios or races, without the aid of selection by man or 
of natural selection.” Of his examples here are two. 
“I have given in detail in the ninth chapter the most remarksble este 
Anown to me, namely, that is Germany several varieties of maize brooght 
from the hotter paris of America wero transformed in the oourse ef only 
two or three genemtions.” (Vol. i, p.277,) [And in this ninth ehapter 
concerning these and othor such instanoss he says somo of the forege 
<difforences would certainly bo considered of specific value with plants in 
niave of nature.” (Vol. i, p. 921)) “Mr. Meehan, ins remarkable paper, 
‘compares twenty-nine kinda of Amarionn frees; ealteigiig #5 9eFLSa eee 
with their noarest European allies, all grown in close proximity in the 
rome garden and under as neatly as possible the same conditions” And 
then enumerating six Waits in which the American forme all of them difter 
in like ways fem their allfed European forms, Me. Darwin thinks there ia 
no choice bat to conclude that these “have boon definitely caused by the 
Jong-continued action of the different climate of the two continents on the 
trees.” (Vol. ii, pp. 231-2.) 

But the fact we have to note is that while Mr. Darwin 
thus took account of special offects duo to special amounts 
and combinations of agencies in the environment, he did 
not take account of the far more important effects dae to 
the general and constant operation of these agencies. Tf 
a difference between the quantities of a foree which acts 
‘on two organisms, otherwise alike and otherwise similarly 
conditioned, produces some difference between them; then, 
by implication, this foree produces in both of them effects 

* Ivis trve that whilo not deliberately admitted by Mr. Darwin, these 
effects are not donied by im. In his Animals end Plante under Damerté- 
¢otlon {vol. ii, 981), he refers to certain chapters im the Principles of 
Biology, in which Ihave discussed this general inter-action of the medium 
and the organism, and ascribed certain moxt general traits to Ht Bat 
though, by his expressions, bo implies a sympathetic attention to the 
argument, he docs not in euch way adopt the conclotion as to assign 
to this factor any share in the genesis of organic structures—moch lees 
that large ehare which I believe it bas bad. I did not myself at that 
time, nor indeed until quite recently, see how extensive and profound Bava 
been the influences on organization which, ax we shall presently see, are 
‘imcenble fo the eacly results of this fundamental relation between oepaniam 
and mediom. T may add that ft is in an easay on * Transcendental 
Physiology," firet published in 1957, that the Line of thought here followed. 
out in ite wider bearings, was fit entered upon, 
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which thoy show in common. he inequality between two 
things cannot have a value anless the things themselves 
have values, Similarly if, in two cases, some unlikeness of 
proportion among the surrounding inorganic agencies to 
which two plants or two animals are exposed, is followed 
by some unlikenoss in the changes wrought on them; then 
it follows that these several agencies taken separately, work 
changes in both of them. Hence we must infer that 
organisms have certain structural characters in common, 
which are consequent on the action of the medium in 
which they exist: using the word medium in a-compre= 
hensive sense, as including all physical forces falling upon 
them as well as matters bathing them. And we may con- 
clude that from the primary characters thus produced thero 
must result eccondary characters. 

Before going on to observe thore genoral traits of 
organisms due to the general action of the inorganic 
environment upon them, I feel tempted to enlarge on 
the effects produced by each of the several matters and 
forces constituting the environment. I should like to do 
this not only to give a clear preliminary conception of 
the ways in which all organisms are affected by these 
universally-present agents, but also to show that, in the 
first place, these agents modify inorganic bodies as well 
a8 organic bodies, and that, in the second place, the organic 
are far more modifiable by them than the inorganic, But 
to avoid undue suspension of the argument, I content 
myself with saying that when the respective effects of 
gravitation, heat, light, &c., are studied, as well as the 
respective effects, physical and chemical, of the matters 
forming the modia, water and air, it will be found that 
while more or less operative on all bodies, each modifies 
organic bodies to an extent immensely greater than the 
extent to which it modifies inorganic bodies. 


Tere, not discriminating among the special effects which 






mass. In so far as the matters of which the medium i 


than on the perts sheltered from them, And in so far as 
the forces pervading the medium come into 

manifest thnt, excluding gravity, which affects outer and 
inner parts indiscriminately, the outer parts have to bear 
larger shares of their actions. If it is a question of beat, 
thon the exterior must lose it or gain it faster than the 
interior; and in a medium which is now warmer and now 
colder, the two must habitually differ in temperatara to 
some extent—at least where the size is considerable. If 
it is question of light, then in all but absolutely trans- 
parent masses, the outer parts must undergo more of any 
change producible by it than the inner parts—supposing 
other things equal; by which I mean, supposing the case 
is not complicated by any such convexities of the outer 
surface as produce internal concentrations of rays. Henee 
then, speaking gencrally, the necessity is that the primary 
and almost universal effect of the converse between the 
body and its mediam, is to differentiate its ontside from its 
inside. I say almost universal, because where the body is. 
both mechanically and chemically stable, like, for instance, 
@ quarts crystal, the medium may fail to work knee ae 
or outer change. 

Of illustrations among inorganic bodies, » connate 
one is supplied by an old cannon-ball that has been long 
Iying exposed. A costing of rust, formed of flakes within 
flakes, incloses it; and this thickens year by yenr, until, 


composed come into play, the unavoidable implication i | 


perhaps, it reaches a stngo at which its exterior | 
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much by rain and wind as its interior gains by further 
oxidation of the iron. Most imineral imasses—pebblos, 
boulders, rocks—if they show any effect of the environment 
at all, show it only by that disintegration of surface 
which follows the freezing of absorbed water: an ¢flect 
which, though mechanical rather than chomical, equally 
illustrates the general trath, Occasionally a “ rocking- 
stone” is thus produced. There are formed successive 
layors relatively friable in toxtnro, each af which, thickest 
ab the most exposed parts, and being presently lost by 
westhering, leaves the contained mass in a shape more 
rounded than before; until, resting on its convex under- 
surfaco, it is casily moved. But of all instances perhaps 
the most remarkable is one to be secn on the west bank of 
tho Nilo at Phil@, where a ridgo of granite 100 foet high, 
has had its outer parts reduced in course of time to a 
collection of boulder-shuped masses, varying from say a 
yard in diameter to six or eight fect, each one of which 
shows in progress an exfoliation of successively-formed 
eholls of decomposed granite : most of the masaos haying 
portions of such sholle partially dotached. 

If, now, inorganic masses, relatively so stable im com- 
position, thus have their outer parts differentiated from 
their inner paris, what must we say of organic masies, 
characterized by such extreme chemical instability t—~ 
instability so great that their essential material is named 
protein, to indicate the readiness with which it passes 
from one isomeric form to another. Clearly the necoasary 
inforenco is that this effect of the medium must bo 
wronght inevitably and promptly, wherever the relation 
of onter and inner has become settled: a qualification for 
which the noed will be seen hereafter, 


Beginning with the carliest and most minuto kinds 
of living things, we nocossarily oncounter difficulties in 
getting direct ovidence; since, of the countless spocios 
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now existing, all lore been subject daring millions upon 
millions of years to the evolutionary process, and have had 
their primary traits complicated and obscured by those 
endless secondary traits which the natural selection of 
favourable variations has produced. Among protophytes 
it needs but to think of the multitudinous varieties of 
diatoms and desmids, with their claborately-constracted 
coverings; or of the definite methods of growth and 
multiplication among such simple Alge as the Conjugate ; 
to seo that most of their distinctive characters aro duc to 
inherited constitutions, which havo beon slowly moulded by 
survival of the fittest to this or that mode of life. To 
disentangle snch parts of their developmental changes as 
are due to the action of the medium, is therefore hardly 
possible, Wecan hope only to get a general conception of 
it by contemplating the totality of the facts. 

‘The first cardinal fact is that all protophytes are cellular 
—all show us this contrast between outside and inside, 
Supposing the multitudinous specialities of the envelope 
in different orders and genera of protophytes to be set 
aguinst one snother, and mutually cancelled, there remains 
asa trait common to them—an envelope unlike that which 
it envelopes, The second cardinal fact is that this simple 
trait is the earliest trait displayed in germs, or spores, 
or other parts from which now individuals are to ariso; 
and that, consequently, this trait must be regarded as 
having been primordial. Yor it is an established trath of 
organic evolution that embryos show us, in general 
the forms of remote ancestors; and that the first changes 
undergone, indicate, more or less clearly, the first chan; 
which took place in the series of forms through which the 
existing form has been reached. Describing, im successive 
groups of plants, the carly transformations of these primi« 
tive unite, Sachs™ eays of the lowest Algw that “the con- 


* Tezt-Book of Botany, he. by Julius Sachs, Translated by A. W. Bennett 
aod W.T. T. Dyer. 
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jugated protoplasmic body clothes itself with » cell-wall’” 
{p. 10) ; thatin “ the sporos of Mosses and Vascular Crypto- 
gams” and in “the pollen of Phanerogams” . . . “tho 
protoplasmic body of the mother-cell breaks up into four 
lumps, which quickly round themselves off and contract, and 
become enveloped by # cell-membrane only after complete 
separation”? (p. 18); that in the Byuisetaces “the young 
spores, when first separated, are still naked, but they soon 
become surrounded by a cell-membrane” (p. 14) ; and that 
in highor planta, as in tho pollen of many Dicotyledons, 
“the contracting daughter-cells secrete collulose evon 
during their separation” (p. 14). Here, then, in whatever 
way we interpret it, the fact is that there quickly arises an 
onter layer different from the contained matter. But the 
most significant evidence ix furnished by “the masses of 
protoplasm that escape into water from the injured sacs 
of Vaucheria, which often instantly become rounded into 
globular bodies,” and of which the ‘hyaline protoplhem 
envelopes the whole as a skin” (p. 41) which “is denser than 
the inner and more watery substance” (p. 42). As in this 
case the protoplasm is but a fragment, and as it is removed 
from the influence of the parent-cell, this differentiating 
process can scarcely be regarded as anything more than 
the effect of physico-chemical actions: a conclusion which 
is supported by the statement of Sachs that “not only 
every vacuole in a solid protoplasmic body, but also orery 
thread of protoplasm which penetrates the snp-cavity, and 
finally the inner xide of the protoplasm-sac which encloses 
the sap-cavity, is also bounded by a skin” (p. 42). If 
then “every portion of a protoplasmic body immediately 
surrounds itself, when it becomes isolated, with such a 
skin,” which is shown in all cases to arise at the surface of 
contact with sap or water, this primary differentiation of 
onter from inner must be ascribed to the direct action of 
the medium. Whether the coating thus initiated is seereted 
by the protoplasm, or whether, as seems more likely, it 
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results from tranaformation of it, matters not to the arga- 
ment. Either way the action of the medinm causes its 
formation; and either way the many varied and complex 
differentiations which doveloped coll-walls display, must be 
considered as originating from those variations of this 
physically-generated covermg which natural selection has 
taken advantage of. 

The contained protoplasm of a vegetal cell, which hina 
self- mobility and when liberated sometimes performs 
amaba-like motions for a time, may be regarded as an 
imprisoned ameba; and-when we pass from it to a free 
ameba, which is one of the simplest types of first animals, 
or Proforoa, we naturally meet with kindred phenomena. 
The general trait which here concerns us, is that while 
its plastio or semi-flaid sarcode goes on protrading, in 
wregular ways, now this and now that part of its peri 
phery, and again withdrawing into its intorior first ope 
and thon another of these temporary processes, perhaps 
with some small portion of food attached, there is but 
an indistinct differentiation of outer from inner (@ fuct 
shown by the frequent coalescence af the pesadopodin in 
Rhizopods) ; but that when it eventually becomes qui¢seent, 
the surface becomes differentiated from the contents: the 
passing into an encysted state, doubtless in large measure 
due to inherited proclivity, being furthered, and having 
probably been once initiated, by the action of the medium, 
Tho connexion betwoon constancy of relative position among 
the parts of the sarcode, and the rise of a contrast between 
superficial and central parts, is perhaps best shown in the 
minutest and simplest Jnfusoria, the Monadine. ‘The genus 
Monas is described by Kent as “plastic and unstable in form, 
possessing no distinct cuticular investment; . . . the foods 
substances incopted at all parta of tho periphory”";* and 
the genus Seytomonas he eays “differs from Monas only in 


© A Manual of the Infuscria, by W. Saville Kent. Voli, p. 23%, 
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its persistent shape and accompanying grenter rigidity of 
the peripheral or ectoplasmic layer.” * Describing generally 
such low forms, some of which aro said to have neither 
nuclovus nor vacuole, he remarks that in types somewhat 
higher “the outer or peripheral border of the protoplasmic 
monss, while not assuming the character of a distinct cell. 
wall or so-called cuticle, presents, as compared with the 
inner substance of that mass, a slightly more solid type of 
composition.” + And itis added that these forms having so 
slightly differentiated an exterior,“ while asually exhibiting 
& moro or less characteristic normal outline, can revert at 
will to a pseud-ammboid and repent state.” { Here, thon, 
we have several indications of the trath that the permanent 
externality of a certain part of the substance, is followed 
by transformation of it into a coating unlike the substance 
itcontains. Indefinite and structureless in the simplest of 
theso forms, as instance again the Gregarina,§ the limiting 
membrane becomes, in higher Infusoria, definite and often 
complex: ehowing that the selection of favourable yariae 
tions has had largoly to do with its formation. In such 
types as the Mvraminifera, which, almost structureless 
internally though they are, secrete calcareous shells, it is 
clear that the nature of this outer layer is determined by 
inherited constitution. Bub reeognition of this consists 
with the belief that the action of the medium initiated the 
outer layer, specialized though it now is; and that even 
still, contact with the medium excites secretion of it. 

A romarkable analogy remains to be named. When 
wo study the action of the medium in an inorganic mass, 
we are led to seo that betwoon the outer changed layer 
and the inner unchanged mass, comes a surface where 
active change is going on. Here we have to note that, alike 
in the plant-cell and in the animal-cell, thero is a similar 
relation of parts. Immediately inside the envelope comes 

* VoL ip. 2. — f Kent, Vol. §, p. 56. § Th Vol 4, p. 67. 

§ The . 1. H. Baxley, pp. 7-0 








443 THE FACTORS OF ORGANIC EYOWTION. 


the primordial utricie in the ono case, and in the other 
ense the layer of active sarcods. In cither case the 
living protoplasm, placed in the position of a lining to the 
enticle of the cell, is shielded from the direct action of the 
medium, and yet is not beyond the reach of its influences. 


Limited, as thus far drawn, toa certain common trait of 
those minute organisms which are mostly below the reach 
of unaided vision, the foregoing conclusion appears trivial 
enough. But it ccases to appear trivinl on passing into 
‘a wider field, and observing the implications, direct and 
indireot, as they concern plants and animals of sensible sizes, 

Popular expositions of science have so far familiarized 
many readers with a certain fundamental trait of living 
things around, that they have ceased to perceive how 
marvellous a trait itis, and, until interpreted by the Theory 
of Evolution, how atterly mysterious. In past times, the 
conception of an ordinary plant or animal which prevailed, 
not throughout the world at largo only but among the 
most instructed, was that it is a single continuous entity. 
One of these livings things was unhesitatingly regarded as 
being in all respects a unit. Parts it might have, varioas 
in their sizes, forms, and compositions; bub these were 
components of a whole which had been from the beginning 
in its original nature a whole, Even to naturalists fifty 
years ago, the assertion that a cabbage or a cow, though 
in one sense a whole, ie in anothor senso m vast society 
of minute individusls, severally living in greater or lesa 
degrees, and some of them maintaining their independent 
lives unrestrained, would have seemed an absurdity, Rut 
this trath which, like so many of the truths established hy 
science, is contrary to that common sense in which most 
peoplo have so much confidence, bas been gradually 
growing clear eince the days when Lecuwenhoeck and bis 
contemporaries began to examine through lenses the 
minute stractures of common plants and animals. Each 
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improvement in the microscope, while it has widened our 
knowledge of those minute forms of life described above, 
has revealed further evidence of tho fact that all the 
Jarger forms of life consist of units severally allied in 
their fundamental traits to these minute forms of life. 
Though, 98 formnlated by Schwann and Schleiden, tho 
cell-doctrino has undergone qualifications of statement ; 
yet the qualifications have not been such as to militate 
against the genoral proposition that organisms visible to 
the nuked eye, are severally compounded of invisible 
organisms—using that word in its most comprehensive 
sense. And then, when the development of any animal 
is traced, it is found that having been primarily a nucleated 
coll, and having afterwards become by spontaneous fiesion 
a cluster of nucleated cells, it goes on through successive 
stages to form out of such cells, evor multiplying and 
modifying in various ways, the several tissues and organs 
composing the adult. 

On the hypothesis of evolution this universal trait has to 
be accepted not as a fact that is strange but unmoaning. 
It has to be accepted as evidence that all the visible forms 
of life have arison by union of the invisible forms; which, 
instead of flying apart when they divided, remained 
together. Various intermediate stages aro known, Among 
plants, those of the Folvor type show us the component pro= 
tophytes so fechly combined that they severally curry on 
their lives with no appreciable subordination to the life of 
tho group, And among animals, a parallel relation betweon 
tho lives of the unite and the life of the group is shown 
us in Uroglena and Synerypta. From these first stages 
upwards, may be traced through successively higher types, 
an increasing subordination of tho units to the aggregate; 
though still a subordination leaving to them conspicnous 
amounts of individual activity. Joining which facts with 
the phenomena presented by the cell-multiplication and 
aggregation of every unfolding germ, naturalists aro now 
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accepting the conclusion that by this process of composition 
from Profoxoa, were formed all classes of the 

animals formed by this compounding are now ealled) ; and 
that in a similar way from Protophyta, were formed alll classes 
of what I suppose will be called Metaphyta, though the 
word does not yet seem to have become current. 

And now what is the goncral meaning of these truths, 
taken in connexion with th conclusion reached in the 
last section. It ix that thix universal trait of the Metazoa 
and Metaphyta, must be ascribed to the primitive action 
and re-action between the organism and ita medium. The 
operation of those forces which produced the primary 
differentiation of outer from inner in carly minute masses 
of protoplaem, pre-determined this wnivereal cell-structure 
of all ombryos, plant and animal, and the consequent cell- 
composition of adult forms arising from them, How 
unavoidable is this implication, will be seen on carrying 
further an illustration already used—that of tho shingle. 
covered shore, the pebbles on which, while being in some 
cases selected, have been in all casos rounded and smoothed. 
Suppose a bed of such shingle to be, as wo often see 
it, solidified, along with interfused material, into a com 
glomerate. What in such case must bo considered as the 
chief trait of such conglomerate; or rather—what must we 
regard as the chiof cause of its distinctive -chameters? 
Evidently the action of the sea, Without the breakers, na 
pebbles; without the pebbles, no conglomerate, Similarly 
then, in the absence of that action of the medium by which 
was offoctod tho differentiation of outer from inner im these 
microscopic portions of protoplasm constituting the earliest 
and simplest animals and plants, there could not have 
existed this cardinal trait of composition which all the 
higher animals and plants show us 

So that, active as has been the part played by natural 
selection, alike in modifying ond moulding the original 
© A Treative on Comporatice Embryology, by P.M. Balfour, Vol. di, ehap, aiid. 
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units—largely ns survival of tho fittest hns boon) instrn- 
mental in furthering and controlling the combination of 
these units into visible organisms, and eventually into large 
ones; yot we must ascribe to the direct effect of the modium 
on the first forms of life, that character of which this 
ererywhere-operative factor has taken advantage. 


Let us turn now to another and more obvious attribute of 
higher organisms, for which also there is this same general 
cause, Let ue observe how, on a higher platform, there 
recurs this differentiation of onter from inner—how this 
primary trait in the living units with which life commences, 
re-appears as a primary trait in those aggregates of such 
units which constitute visible organisms. 

In its simplest and most unmistakable form, we see this 
in the early changes of an unfolding ovum of primitive 
type. Tho original fertilized singlo coll, havmg by spon- 
taneous fission multiplied into a cluster of such celle, there 
begins to show itself # contrast between periphery and 
centre; and prosently there ix formed a sphere consisting 
of a superficial layer unlike its contents. ‘The first change, 
then, is the rise of a difference between that outer part 
which holds direct converse with the surrounding medium, 
and that inclosed part which does not. This primary 
Gifferentiation in these compound embryos of higher 
animals, parallels the primary differentiation undergone by 
the simplest living things. 

Leaving, for the present, succeeding changes of the 
compound embryo, the significance of which we shall have 
to consider by-and-by, let us pass now to the adult forms 
of visible plants and animals. In thom we find cardinal 
traits which, after what we have seen above, will further 
impress us with the importance of the effects wrought on 
the organism by its medium. 

From the thallas of a sea-weed up to the leaf of a highly 
developed phenogam, we find, at all stages, a contrast 
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between the inner and outer parts of these flattened masses 
of tissue. In the higher Alga “the outermost layers con- 
sist of smaller and firmer cells, while the inner cells are 
often very large, and sometimes extremely long;"* and im 
the leaves of trees the epidormal layer, besides differing in 
the sizes and shapes of its component cells from the paren- 
chyma forming the inner substance of the loaf, is itself 
differentiated by having a continuous ecnticle, and by hi 
the onter walls of its cells unlike the inner walls 
specially significant is the structure of such intermediate 
types as the Liverworts. Beyond tho differentiation of the 
covering cells from the contained cells, and the contrast 
botween upper surface and undersurface, the frond of Mar 
chantia polymorpha clearly shows us the direct effect of 
incident forces; and shows us, too, how it is involved with 
the effect of inherited proclivities, ‘The frond grows from a 
flab diso-shaped yremma, the two sides of which are alike. 
Bither side may fall uppermost; and then of the develop- 
ing shoot, the side exposed to the light “is nnder all 
circumstances the upper side which forms stomata, the 
dark side becomes the under side which produces root-bairs 
and leafy processes.”} So that while we have undeniable 
proof that the contrasted influences of the medium on the two 
sides, initiate the differentiation, we have also proof that the 
completion of it ix determined by the transmitted structure of 
the type; since it is impossible to ascribe the development of 
stomata to the direct action of air and light, On turning 
from foliar expansions, to stems and roots, facts of like 
meaning moct us. Speaking gonerally of opidormal tissue 
and inner tissue, Sachs remarks that “the contrast of the 
two is the plainer the moro the part of the plant coneernéd 
is exposed to air and light.”§ Elsewhere, in eo 
with this, it is said that in roots the cells of the epidermis, 
though distinguished by bearing hairs, “aro otherwise similar 

© Bache p.210, =f Ibid pp. 83-4 =f TE. pe ABS, 

§ Did. 0. 


Za | 





JHE FACTORS OF ONGANIC RYOLUTION. 447 


to those of the fandamental tissue” which thay clothe,* while 
the cuticular covering ix relatively thin; whereas in stems 
the epidermis (often further differentiated) is composed of 
layers of cells which are smaller and thicker-walled: a 
stronger contrast of structuro corresponding to a stronger 
contrast of conditions. By way of mocting tho suggostion 
that these respective differences are wholly due to the 
natural selection of favourable variations, it will suffice if 
I draw attention to the unlikeneas between imbedded roots 
and exposed roots. While in darkness, and surrounded by 
moist earth, the outermost protective coats, even of large 
roots, are comparatively thin; but when the accidents of 
growth entail permanent exposure to light and air, roots 
acquire coverings allied in character to the coverings of 
branches. That the action of the medium causes these 
and converse changes, cannot be doubted when wo find, on 
the one hand, that “roots can become directly transformed 
into leaf-bearing shoots,” and, on the other hand, that in 
some plants certain “apparent roots are only underground 
shoots,” and that nevertheless “they are similar to true 
roots in function and in tho formation of tissue, but have 
no root-cap, and, when they come to the light above 
ground, continue to grow in the manner of ordinary leaf- 
shoota."t If, then, in highly developed plants inheriting 
pronounced structures, this differentiating influence of the 
moedinm is so marked, it must have been all-important at 
the ontset while types were undetermined. 

As with plants so with animals, we find good reason for 
inferring that while the specialities of tho tegumentary 
parts must be ascribed to the natural selection of fevourable 
variations, their most genoral traits are dae to the direct 
action of surrounding agencies. Here we come upon tho 
border of those changes which are ascribable to use and 
disuse. But from this class of changes we may fitly 
exclude those in which the parts concerned are wholly or 

99 * Sache, p. 83. t Wid. y. 147. 
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the stracture of the species when injured. We cannot, 
howover, ignore the immodiate influence of the medium, om 
recalling the facts above named, or on remembering tho 
farther fact that an inflamed surface of skin, when not 
sheltered from tho air, will throw out a film of coagulable 
lymph. But that the direct action of the medium is a chief 
factor we are clearly shown by another case. Accident or 
disease occasionally causes permanent eversion, or protra= 
sion, of mucous membrane. After a period of irritability, 
great at first but decreasing as the change advances, this 
mombrane assumes the gonoral character of ordinary skin. 
Nor is this all: its microscopic structure changes. Where 
it is a mucous membrano of the kind covored by cylinder- 
epithelium, the cylinders gradually shorten, becoming finally 
flab, and there results a squamous epithelinm: there is a 
zear approach in minute composition to epidermis. Here a 
tendency towards completion of the type cannot be alleged ; 
for thore is, contrariwize, divergence from the type. The 
effect of the medium is so great that,in a short time, it 
overcomes the inherited proclivity and produces a struc- 
ture of opposite kind to the normal one. 

With but little break we come here upon @ significant 
analogy, parallel to an analogy already described. As 
was pointed out, an inorganic body that is modifiable by 
its medium, acquires, after a time, an outer coab which 
has already undergone such change a8 surrounding agenciog 
can effect; has a contained mass which is as yet unchanged, 
because unreached; and has a surface between the two 
whore change is going on—a region of activity. And we 
saw that alike in the vegetal cell and the animal cell there 
exist analogous distributions: of course with the difference 
that the innormost part is not inert. Now wo havo to note 
that in thoee aggregates of cells constituting the Metaphyta 
and Metaroa, analogous distributions also oxist. In plants 
they are of course not to be looked for in leaves and other 
deciduous portions, but only in portions of long dyration— 


organizations. The outer skin 
plane, or layer, a little distance below the su 
of predominant vital activity. Here perpetually 
cells, which, as they develop, are thraet out r 
form the epidermis: flattoning and drying up 
approach the surface, whence, having for a time 
to shield the purts below, they finally scale 
younger ones to take their places. ‘This still 
ted tissue forming the base of the epidermis, and 
also as a source of renewal in internal organs, is 
essentially living substance; and facts above 
that it was the action of the mediam on this 
living substance, which, during early stages in the organize 
tion of the Metazna, initiated that protective envelope which 
presently became an inherited stractare—a 
though now mainly inherited, still continues to be 
able by its initiator. 
Fully to perceive the way in which these 
compel us to recognize the influence of the medium ag 
primordial factor, we need bat conceive them as interpr 
without it, Suppose, for instance, wo ray that the structure 
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of the epidermis is wholly determined by the natural selec 
tion of favourable variations; what must be the position 
taken in presence of the fact above named, that when 
mucous membrane is exposed to the air its cell-structure 
changes into the cell-structure of skin? The position taken 
must be this:—Though mucous membrano in a highly- 
evolved individual organism, thus shows the powerful effect 
of the medium on its surface; yet we must not suppose that 
the medium had the effect of producing such » cell-struce 
ture on the surfaces of primitive forms, undifferentiated 
though they were; or, if we suppose that such an effect 
was produced on them, we must not suppose that it was 
inheritable. Contrariwise, we must suppose that such effect 
sf the medium either was not wrought at all, or that it 
was evanescente though ropeated through millions upon 
millions of generations it left no traces. And we must 
conclude that this skin-structure arose only in conse 
quence of spontaneous variations not physically initiated 
(though like those physically initiated) which natural selec- 
tion Inid hold of and increased. Doos any ono think this a 
tenablo position? 


And now we approach the last and chief series of 
morphological phenomena which must be ascribed to the 
direct action of environing matters and forces. ‘Theso are 
presented to us when we study the early stages in the 
development of the embryos of the Metazoa in general. 

Wo will sct out with tho fact already noted in passing, 
that after repeated spontaneous fission have changed tho 
original fertilized germ-cell into that cluster of cells which 
forms a gemmule or a primitive ovum, the first contrast which 
arises is between the peripheral parts and the central parts, 
Where, as with lower creatures which do not lay up large 
storos of nutriment with the germs of their offspring, the 
inner mass is inconsiderable, the outer layer of cells, which 
re preeently made quito small by ropeated subdivisions, 
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forms a membrane extending over the whole surface—the 
blastoderm. The next stage of development, which ends 
in this covering Inyer becoming double, is renched in two 
ways—by invagination and by delamination; butwhich is the 
original way and which the abridged way, is not quite cer- 
tain, Of invagination, multitudinously exemplified in the 
lowest types, Mr. Balfour says:—* On purely é priori grounds 
there is in my opinion more to be said for invagination 
than for any other view”;* and, for present purposes, it 
will suffice if we limit ourselves to this: making its nature 
clear to tho gencral reader by a simple illustration. 

Tako a small india-rabbor ball—not of tho inflated kind, 
nor of the solid kind, but of the kind about an inch or so 
in diameter witha small hole through which, under prossure, 
tlie air escapes. Suppose that instead of consisting of india. 
rubber its wall consists of small cells made polyhedral in 
form by mutual pressure, and united together. ‘This will 
represent the blastoderm, Now with the finger, thrust in 
one side of the ball until it touches the other: #0 making a 
cup. ‘This action will stand for tho process of invagination, 
Imagine that by continuance of it, the hemispherical cup 
becomes very much deepened and the opening narrowed, 
until the cup becomes a sac, of which the introverted wall 
is everywhere in contact with the outer wall. Thia will 
represent the two-layered “gastrala”—the simplest 
ancestral form of the Mctazoa; a form which is permanently 
represented in some of the lowest types; for it needs bat 
tontacles round the mouth of the sac, to produce & common 
hydra, Here the fact which it chiefly concorns us to 
remark, is that of these two layers the outer, ealled in 
embryological language the epiblast, continues to carry on 
direct converse with the forces and matters in the environ~ 
ment; while the inner, called the hypoblast, comes in contact 


* A Treatire on Comparative Ewdryology. By Francis M. Balfour, te, 
yea Vol. li, p. 343 {second edition). 
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with such only of these matters as are put into the food- 
eavity which it lines. We have furthor to note that in the 
embryos of Metazoa at all advanced in organization, there 
arises botween these two layers = third—the mesoblast. 
‘The origin of this is seen in types where the developmental 
process is not obscured by the presence of a large food- 
yolk. While the above-described introversion is taking 
place, and before the inner surfaces of the resulting epiblast 
and hypoblast have come into contact, cells, or amaboid 
units equivalent to them, aro budded off from ono or both 
of these inner surfaces, or some part of one or other; and 
these form a layer which eventually lies between the other 
two—a layer which, as this mode of formation implies, 
never has any converse with the surrounding medium and 
its contents, or with the nutritive bodies taken in from it. 
Tho striking facts to which this description is a neccssary 
introduction, may now be stated. From the outer layer, or 
epiblast, are developed the permanent epidermis and its 
oul-growths, the nervous system, and the ongans of sense. 
From the introverted layer, or hypoblast, are developed 
the alimentary canal and those paris of its appended 
organs, liver, pancreas, &c., which are concerned in deliyer- 
ing their secretions into the alimentary canal, as well as the 
linings of those ramifying tubes in the lungs which convey 
air to the places where gaseous exchange is effected. And 
from the mesoblast, originate the bones, the muscles, the 
heart and blood-vessels, and the lymphatics, together with 
such parts of various internal organs as are most remotely 
concerned with the outer world. Minor qualifications bemg 
admitted, there remain the broad general facts, that out of 
that part of the external layer which remains permanently 
external, aro developed all the structures which curry on 
intercourse with the medium and its contents, active and 
passive; out of the introverted part of this external layer, 
are developed the structures which carry on intercourse 
with the quasi-external substances that are taken into tho 
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interior—nolid food, water, and nir; whilo ont of tho 
mesoblast are developed structures which bavo y 


have believed that the brain arises from an 
tract of the ovter skin, which, sinking down the 


system in common with the nervous systems of lower 
animals is thus originated. In the words of Mr. Balfour, 
early ombryological changes imply that — 

“ the functions of the central nervous system, which were originally tales 
‘by the wholo skin, became gradually concentrated in a specint part of the 
skin which was step by step removed from tho surface, and bas finally 
become in the higher types o well-defined organ imbedded in the subdermal 
tissues. ».. The embryological evidence shows that the ganglicn-cells of 
‘the central part of the nereons system are originally derived from the simple 
‘undiorentiated opitholial oslls of the surface of the body." 

Loss startling perhaps, though still startling enough, fs the 
fact that the eye is evolved out of a portion of the skin; 
and that while the crystalline lens and its surroundings 
thus originate, the “ percipient portions of the organs 
of special sense, especially of optic organy, are often 
formed from the same part of the primitive Ly! 
which forms the central nervous gystem.t Similarly ia it 
with the organs for smelling and hearing. ‘These, too, 
begin as sacs formed by infoldings of the epidermis; and 
while their parts are developing they are jomed from 
within by nervous structures which were themselves epi- 
dermic in origin. How aro wo to intorprot these strange 
transformations ? Observing, as we pass, how absurd from 
the point of view of the special-creationiat, would appear 


* Balfour, Lo. Vol. ti, 400-1. + Balfour, 1a, Vol ii, p40, 
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such a filiation of stractures, and such a round-abont 
modo of embryonic development, wo have bere to romark 
that the process is not one to have been anticipated aa 
result of natural selection. After numbers of spontaneous 
variations had occurred, as the hypothesis implies, in 
useless ways, the variation which primarily initiated a 
nervous centre might reasonably have been expected to 
eccur in some internal part where it would be fitly 
located. Its initiation in o dangorous place and subsequent 
migration to a safe place, would be incomprehensible. Not 
so if we bear in mind the cardinal truth above set forth, 
that the structures for holding converse with the medium 
and its contents, arise in that completely superficial part 
which is directly affected by the medium and its contents; 
and if we draw the inference that the external actions 
themselves initiate the structures. These once commenced, 
and furthered by natural selection where favourablo to lifo, 
would form the first term of a series ending in developed 
sense organs and a developed nervous system.* 

Though it would enforce the argument, I must, for 
brevity’s sake, pass over the analogous evolution of that 
introverted layer, or hypoblast, out of which the alimentary 
canal and attached organs arise. It will suffice to emphasize 
the fact that having been originally external, this layer 
continues in its developed form to have a quasi-externality, 
alike in its digesting part and in its respiratory part; since 
it continues to deal with matters alien to the organiam, 
I must also refrain from dwelling at length on the fact 
already adverted to, that the intermediate derived layer, 
or mesoblast, which was at the outset complotely internal, 
originates those structures which ever remain éompletely 
internal, and have no communication with the environment 
save through the structures developed from the other two: 
an antithesis which has great significance. 


* For © general delineation of tho changes by which the development 
is eflcctot, soo Balfour, Lo. Vol. fi, pp. 401-4. 
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Hore, instead of dwolling on these details, it will bo 
better to draw attention to the most general aspect of tho 
facts. Whatever may be the course of subsequent changes, 
the first change is the formation of » superficial layer or 
blastoderm; and by whatever series of transformations 
the adalt structure is reached, it is from the blastoderm 
that all the organs forming the adult originate. Why this 
marvellous fact ? 

Meaning ix given to it if wo go back to the first stage in 
which Protozoa, having by repeated fissions formed a clas- 
ter, then arranged themselves into a hollow sphere, as do 
the protophytes forming a Volvor, Originally alike all over 
its surface, tho hollow sphere of ciliatod units thus formed, 
would, if not quite spherical, assume a constant attitude 
when moving through the water; and hence one part of 
the spheroid would more frequently than the rest come in 
contact with nutritive matters to be taken in. A division 
of labour resulting from such a variation being advanta- 
geous, and tending therefore to increase in descendants, 
would end in a differentiation like that shown in the gem- 
mules of various low typos of Metazoa, which, ovate in shape, 
are cilinted over one part of the surface only. There would 
arise a form in which the cilium-bearing unite effected loco. 
motion and acration; while on the others, assuming an 
amoba-like character, devolved the function of 
food : & primordial specialization variously indicated by 
evidence.* Just noting that an ancostral origin of this 
kind is implied by the fact that in low types of Metazoa 
a hollow sphere of cells is the form first assumed by the 
unfolding embryo, I draw attention to the point here of chief 
interest; ‘namely that the primary differentiation of this 
hollow sphere is in such case determined by a difference 
in the converse of its parts with the medium and its 
contents; and that the subsoquent invagination srises by a 
continuance of this differential converse. 

** See Balfour, Vob i, 149 and Vol. ii, 843-4. 
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Tien neglecting this first stage and commencing with the 
next, in which a “ gastrula”” has been produced by the per- 
manent introversion of one portion of the surface of the 
hollow sphere, it will euflice if we consider what must there- 
after have happened. That which continued to be the outer 
surface was the part which from time to time tonched 
quiescent masses and occasionally received the collisions 
consequent on its own motions or the motions of other 
things. It was the part to receive the sound-vibrations 
occasionally propagated through the water; the part to be 
affected more strongly-than any other by those variations 
in the amonnts of light caused by the passing of small 
bodies close to it; and the part which met those diffused 
molecules constituting odours. That is to say, from tho 
boginning the surface was the part on which there fell the 
various influences pervading the environment, the part by 
which there was received those impressions from the n= 
vironment serving for the guidance of actions, and the part 
which had to bear the mechanical re-actions consequent 
upon such actions. Necessarily, therefore, the surface was 
the part in which wore initiated the various instrumentali- 
ties for carrying on intercourse with the environment. To 
suppose otherwise is to suppose that such instrumentalities 
arose internally whore they could neither be operated on by 
surrounding agencies nor operate on them,—where the 
differentiating forces did not come into play, and the differ- 
entiated structures had nothing to do; andiit ia to suppose 
that meanwhile the parte directly exposed to the differentia- 
ting forces remained unchanged. Clearly, then, organization 
could not but begin on the surface; and having thus began, 





its subsequent course could not but be determined by its 
superficial origin. And hence these remarkable facts show- 
ing us that individual evolution is nccomplishod by succes 
sive in-foldings and in-growings. Doubtlees natural selection 
pati pera i asta ies te semeaeal cee 
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individual in which they were a little more deeply seated 
would be less likely to be incapacitated by injury of them. 
And so in multitudinous other ways. But nevertheless, as 
we here ece, naturel selection could operate only under 
subjection. It could do no more than take advantage of 
those structural changes which the medium and ite con- 
tents initiated. 

See, then, how large has been the part played by this 
primordial factor. Had it done no more than give to 
Protoza and Protophyte that cell-form which characterizes 
thom—had it done no more than entail the ecllular com- 
position which is so romarkablo a trait of Metezoa and 
Metaphyto—bad it done no more than cause the yr 
in all visible animals and plants of that 
tiation of outer from inner which it first alle in 
animals and plants invisible to the naked eye; it would 
have done much towards giving to organisms of all kinds 
cortain leading traits. But it has done more than this. 
By causing tho first difforentiations of those clusters of 
units ont of which visible animals in general arose, it 
fixed tho starting place for orgunization, and therefore 
determined the course of organization; and, doing this, gave: 
indelible traits to embryonic transformations and to adult 
structures. 


‘Though mainly carried on after the inductive method, the 
argument at the close of the foregoing section has passed 
into the deductive. Here let us follow for @ space the 
deductive method pure and simple. Doubtless in biology 
@ priori reasoning is dangerous; but there can be no 
danger in considering whether its results coincide with 
those reached by reasoning & posteriori. 

Biologists in general agree that in tho present state of 
the world, no such thing happens as tho riso of a living 
creature ont of non-living matter. They do not deny, 
however, that at a remote period in the past, when the 
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temperature of the Earth's surface was much higher than 
at present, and other physical conditions were unlike thase 
wo know, inorganic matter, through successive complica- 
tions, gave origin to organic matter. So many substances 
once supposed to belong exclusively to living bodies, have 
now been formed artificially, that mon of scienco scarcely 
qnestion the conclusion that there are conditions under 
which, by yet another step of composition, quaternary com- 
pounds of lower types pass into those of highest ‘types. ~ 
That there once took place gradual divergence of the 
organic from the inorganic, is, indeed, a necessary implica- 
tion of the hypothesis of Evolution, taken as a whole; and 
if we accept it as a whole, wo must put to ourselves the 
quostion—What were the early stages of progress which 
followed, after the most complex form of matter had arisen 
out of forms of matter a degree lesa complex? 

At first, protoplasm could have had no proclivities to one 
or other arrangement of paris; unless, indeed, a purely 
mechanical proclivity towards a spherical form when 
suspended in a liquid. At the outset it must have been 
passive. In respect of its passivity, primitive organic 
matter must have been like inorganie matter. No such 
thing as spontancous variation could have occurred in 
it; for variation implies some habitual course of change 
from which it is a divergence, and is therefore excluded 
where there is no habitual course of change. In the 
absence of that cyclical series of metamorphoses which 
even the simplest living thing now shows us, as a result of 
its inherited constitution, there could be no point @’appui for 
natural selection. How, then, did organic evolution begin? 

If a primitive mass of organic matter was like a mass 
of inorgonic matter in respect of its passivity, and differed 
only in respect of its greater changeablenees; then we 
must infer that its first changes conformed to the sume 
general law as do the changes of an inorganic mass. 
‘Lhe instability of the homogeneous is # universal principle. 
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In all cases the homogeneous tends to pass into the hoter~ 
geneons, and the less heterogeneons inte the more hetero 
geneous, In the primordial units of protoplasm, then, the 
step with which erolution commenced must have been the 
passage from a state of complete likencss throughout the 
mass to 9 state in which there existed some unlikeness. 
Further, the cause of this step in one of these portions of 
organic matter, as in any portion of inorganic matter, must 
have been the different exposure of its parts to incident 
forces. What incident forces? Those of its medium or 
environment. Which were the parts thus 

exposed? Necessarily the outside and the inside. In- 
cvitably, then, alike in the organic aggregate and the 
inorganic aggregate (supposing it to have coherence enough 
to maintain constant relative positions among its parts), the 
first fall from homogeneity to heterogeneity must always: 
have been the differentiation of the external surface from 
the internal contents. No matter whether the modifica. 
tion was physical or chemical, one of composition or of 
decomposition, it comes within the same generalization. 
‘Tho direct action of the medium was the primordial factor 


of organic evolution. ] 


And now, finally, let us look at the factors in their 
ensemble, and consider the respective parts they play: 
observing, especially, tho ways in which, at successive 
stages, they severally give place one to another in degree of 
importance, 

Acting alone, the primordin! factor must have initiated 
the primary differentiation in all units of protoplasm alike. 
1 say alike, but I must forthwith qualify the word. For 
since surrounding influences, physical and chemical, could 
not be absolutely the samo in all places, especially when 
the firat rudiments of living things had epread over a 
considerable area, thoro necessarily arose small contrasts 
between the degrees and kinds of superficial differentiation 
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effected. As soon as these became decided, natural aclec- 
tion came into play; for inevitably the unlikeneeses 
produced among the units had effects on their lives: there 
was survival of some among the modified forms rather 
than others. Utterly in the dark though we are respect- 
ing the causes which set up that process of fission 
everywhere occurring among the minutest forms of life, 
we must infer that, when ostablished, it furthered tho 
spread of those which were moat favourably differentiated 
by the medium. Though natural selection must have 
bocome increasingly active when once it had got a start; 
yet the differentiating action of the medium never ceased 
to be a co-operator in the development of these first 
enimals and plants. Again taking the lead as there arose 
the composite forms of animals and plants, and again 
losing the lead with thnt advancing difforentiation of 
these higher types which gave more scope to natural 
selection, it nevertheless continued, and must ever con- 
tinue, to be a cause, both direct and indirect, of 
modifications in structure. 

Along with that remarkable process which, beginning in 
minute forms with what is called conjugation, developed 
into sexual generation, there camo into play causes of 
frequent and marked fortuitons variations. Tho mixtures 
of constitutional proclivities made more or less unlike by 
unlikenesses of phyxical conditions, inevitably led to ooca 
sional concurrences of forces producing deviations of 
structure. These were of course mostly suppressed, but 
sometimes increased, by survival of the fittest. When, along 


with the growing multiplication in forms of life, confliet 
and competition became continually more active, fortuitens 
variations of structure of no account in the converse with 
the medium, became of much account in the struggle with 
enemies and competitors; and natural selection of such 
variations became abcedonnat factor. Especially 





462 ‘TRE FACTORS OF ORGANIC EVOLUTION. 


been immensely the most important; and throughout that 
large part of the animal world characterived by relative 
inactivity, the survival of individuals that had varied in 
favourable ways, must all along have been the chief cause 
of tho divergonco of species and the occasional production 
of higher ones. 

But gradually with that increase of activity which we 
see on ascending to successively higher grades of animals, 
and especially with that increased complexity of life 
which we also sec, there came more and more into play as 
2 factor, the inheritance of those modifications of strneture 
caused by modifications of function. Eventually, among 
eréaturos of high organization, this factor became an 
important one; and I think there is reason to conclude 
that, 10 the case of the highest of creatures, civilized men, 
among whom the kinds of varintion which affect survival 
are too multitudinous to permib easy selection of any one, 
and among whom survival of the fittest is greatly inter- 
fered with, it has become the chief factor: such aid as 
survival of the fittest gives, being usually limited to the pre- 
servation of those in whom the totality of the faculties hag 
been most favourably moulded by functional changes. 

Of course this sketch of the relations among the factors 
must be taken as in largo measure a speculation, Weare 
now too far removed from the beginnings of life to obtain 
data for anything moro than tentative conclusions respecting: 
its carliest stages; especially in the absenco of any clue to 
the mode in which multiplication, first agamogenetic and 
then gamogenotic, was initiated. But it has seemed to me 
nob amiss to present this general conception, by way of 
showing how the deductive interpretation harmonizes with 
tho several inferences reached by induction, 


In his article on Evolution in the Bneyclopadia Britan~ 
nica, Professor Huxley writes as follows — 
“How far ‘natural selection’ sulliccs for the production of #pecten 
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remains to be seon. Few can doubt that, if not the whole cause, it ia = very 
important factor in that operation . 

On the evidence of palmoniclogy, the ovstotion of many existing forms of 
animal life from their predromsors i no longer an hypothesis, but en 
historical fact; i is only the mature of the phywiclogical factors to which 
‘that evolution is dus which ia still open to dircussian." 

With these passages I may fitly join n remark mado in the 
admirable address Prof. Huxley delivered before unveiling 
the statue of Mr. Darwin in the Museum at South Ken- 
sington. Deprecating the supposition that an authoritative 
sanction was given by the ceremony to the current ideas 
concerning organic eyolution, he said that “‘science commits 
suicide when it adopts a creed.” 

Along with larger motives, one motive which bns joined 
in prompting the foregoing articles, has beon the desire to 
point ont that already among biologists,’ the beliefs con- 
cerning the origin of species have assumed too much tho 
charactor of a creed; and that while becoming settled they 
have been narrowed. So far from farther broadening that 
broader view which Mr. Darwin reached as he grew older, 
his followers appear to have retrograded towards a moro 
restricted view than he ever expressed. Thus there seems 
occasion for recognizing the warning uttered by Prof. 
Huxley, a8 not uncalled for. 

Whatever may be thought of the arguments and concla- 
sions sot forth in this article and the preceding one, they 
will perhaps serve to show that is is as yet far too soon to 
close the inquiry concerning the causes of organic evolution. 


Nore. 
[The following passages formed part of a preface to the small 
tolume in which the joregoing essay re-appeared, 
append them here as they cannot now be conveniently 


Though the direct bearings of the arguments contained 
in this Kesay are biological, the argument contained in its 
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first holf has indirect bearings upon Psychology, Ethics, 
ar Sociology. My bolief in the * Eee importance of 
those indirect bearings, was originally a chief prompter to 
set forth the argument; and it now prompts me to re-izene 
it in permanent form. 

Though mental phenomena of many kinds, and especially 
of the simpler kinds, are explicable only as resulting from 
the natural selection of favourable variations; yet there 
are, I believe, still more numerous mental phenomena, 
including all those of any considerable complexity, which 
cannot be explained otherwise than as results of the 
inheritance of functionally-produced modifications. What 
theory of psychological evolution is espoused, thus depends 
on acceptance or rejection of the doctrine that not only 
in tho individual, but in the successions of individuals, 
nse and disuse of parts produce respectively increase and 
decrease of them. 

Of course there are involved the conceptions we form of 
the genesis and nature of oar higher emotions; and, by 
implication, the conceptions we form of our moral intuitions, 
If fanctionally-prodaced modifications are inheritable, then 
the mental associations habitually produced in individuals 
by experionces of tho relations between actions and their 
consequonces, pleasurable or painful, may, in the succes. 
sions of individuals, gencrate innate tendencies to like or 
dislike such actions. But if not, the goneeis of such tend- 
encies is, a8 we shall see, not satisfactorily explicable. 

‘Thnt onr sociological beliefs must also be profoundly 
affected by the conclusions we draw on this point, is 
obyious. If a nation is modified en masse by transmission 
of the effects produced on the natures of its members 
by those modes of daily activity which its institutions 
ond circumstances involve; then we must infer thab such 
inatitutions and circumstances mould its members far 
more rapidly and comprehensively than they can do if 
the sole cause of adaptation to them is the more frequent 
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survival of individuals who happen to have varied in 
favourablo ways. 

I will add only that, considering the width and depth 
of tho effects which acceptance of one or other of these 
hypotheses must have on our views of Life, Mind, Morals, 
and Politics, the question—Which of them is trae? demands, 
beyond all other questions whatever, the attention of 
xcientifio men. 





Aftar the above articles wore publishod, I received from 
Dr. Downes a copy of a paper “ On the Influence of Light 
on Protoplasm,’’ written by himself and Mr. T.P. Blunt, M.a., 
which was communicated to the Royal Society in 1878. It 
was a continuation of a preceding paper which, referring 
chiefly to Bacteria, contended that— 


“Light is inimical to, and under Gavourable eonditions may wholly provent, 

the development of these organisms." 
This supplementary paper goes on to show that the injurious 
effect of light upon protoplasm resulis only in presence of 
oxygen. ‘Taking first a comparatively simple type of mole 
cule which enters into the composition of organic matter, 
the authors say, after detailing experiments :— 

Yet was evident, thorefore, that oxygen was the agent of destruction tinder 
the inflaeneo of suolight,”" 

And accounts of experiments upon minute organisms are 
followed by the sentence— 

‘Ik seemed, thorefore, that ia absonoe of an atmosphere, light failed 
entirely 40 produce any effect on such organisms as wee able to appear." 
‘They sum up the resulis of their experiments in the 
paragraph— 

“Wo conclude, therefore, both from analogy and from direct experiment, 
that the observed section on these organtems is not depandent om light per ne, 


but that tho presence of free oxygon ik necomury ; light and oxygen togethor 
accomplishing what neither ean do alone: and the infereace seetus irrexintiblo 
that the effect prodoed is a gradual oxidation of the constituent protoplasm 
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‘of theso organisms, and that, in this respect, protoplasm, although living, ix 
not exempt trom laws which appear to gover the relations of light and 
‘oxygen to forms of matter lees highly endowed. A fore which ix 

abyolutely essential 40 life ns we know if, and matter in the absence of whieh 
ife has not yet bean proved to exixt, hare unite for ite destruction.” 

What is the obvious implication ? If oxygen in presence 
of light destroys one of these minutest portions of proto- 
plastn, what will be ite effect on a larger portion of proto- 
plasm? It will work an effect on tho surface instead of on 
tho whole mass. Not like tho minutost mass made inert all 
throngh, the larger mase will be made inert only on its out- 
side; and, indeed, the like will happen with the minntest 
mass if the light or the oxygen is very small in quantity. 
Hence there will result an envelope of changed matter, 
inclosing and protecting the unchanged protoplasm—therm 
will rosult @ radimeptary cell-wull, 
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[First published in Tho Ninotoonth Coatury, for February, 1888.] 


Wun I do not concur in sundry of tho statomenta and 
conclusions contained in the article entitled ** A Great Con- 
fession,” contributed by the Duke of Argyll to the Inst 
number of this Review, yet I am obliged to him for having 
raised afresh the question discussed in it. Though the ine 
junction “ Rest and be thankful,” is one for which in many 
spheres much may be said—especially in the political, where 
undue restlessness is proving very mischiovous; ycb rest 
and be thankful is an injunction out of place in scionos. 
Unhappily, while politicians have not duly regarded it, it 
appears to have been taken to heart too mach by naturalists; 
in so far, at least, as concerns the question of the origin 
of species, 

‘The new biological orthodoxy behaves just as the old 
biological orthodoxy did. In the days before Darwin, those 
who occupied themselves with the phenomens of life, passed 
by with unobserrant eyes the multitadinous facts which 
point to an evolutionary origin for planta and animals ; and 
they turned deaf ears to those who insisted on the signifi- 
cance of these facts, Now that they have come to beliove 
in this evolutionary origin, and have at the same time 
accepted the hypothesis that natural selection hax been the 
sole cause of the evolution, they are similarly unobservant 
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of the maltitudinous facts which cannot rationally be 
ascribed to that cause; and turn denf cars to those who 
would draw their nttention to them. Tho attitude ix the 
same; it is only the creed which has changed. 

But, as above implied, though the protest of the Duke of 
Argyll against this attitade is quite justifiable, it eeoms to 
me that many of his etatements cannot besustained. Some 
of these concern me personally, and others aro of impersonal 
concern. 1 propose to deal with them in the order in which 
they occur. 


On page 144 the Dake of Argyll quotes me as omitting “for 
the present any consideration of a factor which may be dis- 
tinguished as primordial;” and he represents mo as implying 
by this ‘that Darwin’s ultimate conception of some primor- 
dial ‘ breathing of tho broath of life’ is a conception which 
can be omitted only ‘for the present.’” Even had thers 
been no other obvious interpretation, it would have been a 
somewhat rash assumption that this was my meaning when 
referring to an omitted factor ; and it is surprising thab thix 
assumption should have been mado after reading the second 
of the two articles criticised, in which this fnctor omitted 
from the first is dealt with: this omitted third factor being 
the direct physico-chomical action of tho medium on the 
organism. Such a thought as that which the Duke of 
Argyll ascribes to mo, ia so incongruous with the beliefa T 
have in many places expressed that the ascription of it never 
occurred to me as possible. 

Lower down on the same page are some other sentences 
having personal implications, which I must dispose of before 
going into the goneral question. The Duke says “itis more 
than doubtful whether any value attaches to the new factor 
with which he [1] desires to supplement it [nateral selec 
tion] ’’; and he thinks it “ unaccountable ” that I * should 
make go great a fuss about so small a matter as the effect of 
use and disuse of particular organs as a separate and @ 
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nowly-recognisod factor in the development of varietios.” I 
do not suppose that the Duke of Argyll intended to cast 
upon mo the disagreeable imputation, that I claim as now 
that which all who are even slightly acquainted with the 
facts know to be anything rather than new. Bat his words 
certainly do this. How be should have thus written in spite 
of the extensive knowledge of the matter which he evidently 
has, and how he should baye thus written in presence of the 
evidence contained in the articles he criticizes, I cannot 
understand, Naturalists, and multitudes besides naturalists, 
know that the hypothosis which I'am roprosonted as patting 
forward as new, is much older than the hypothesis of natural 
selection—goes back at least as far as Dr. Erasmus Darwin. 
My purpose was to bring into the foreground again s factor 
which has, I think, been of late years improperly ignored ; 
to show that Mr. Darwin recognized this factor in an in- 
creasing degree as he grew older (by showing which I 
should havo thought I sufficiently excluded the supposition 
that I brought it forward as new); to give further evi- 
dence that this factor is in operation; to show there are 
numerous phenomena which cannot be interpreted without 
it; and to argue that if proved operative in any case, it may 
be inferred that it is operative on all structures having active 
functions. 

Strangely enough, this passage, in which I am represented 
aa implying novelty in a doctrine which I have morely 
sought to emphasize and extend, is immediately succeeded 
by passage in which the Duke of Argyll himself representa 
the doctrine as being familiar and well establishod :— 

“That organs thus enfeebled (Le. by persistent disuse) are transmitted by 
inheritance to offspring in a ike condition of functional and structural decline, 
in a correlated physiologieal doctrine not generally disputed. ‘Tho conversa 
onte—of increased alsength and development arising out of the habitual and 
halthy use of special organs, and of the (ranaminsion of these to offepring— 
ism casa ilostrnted by many examples in the breeding of domestic animals 
I do not know to what eleo we ean attribute the jong slender legs and bodies 
of greyhounds 40 manifestly adapled to speed of toot, of the dolleate powers 


ee, 
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‘of smell in pointers and satters, or a donén came of modified stroctare 
‘effected by artificial selection.” 

In none of the assertions contained in this passage oan I 
agree, Jad the inheritance of “functional and stractural 
decline” been “ not generally disputed,” half my argument 
would have been needless; and had the inheritance of 
“increased strongth and devolopment” caused by use beea 
recognized, as “illustrated by many examples,” the other 
half of my argument would have beon needless. But both 
are disputed ; and, if not positively denied, are held to be 
unproved. Greyhounds and pointers do not yield valid 
evidence; because their peculiarities are more dup to arti- 
ficial selection than to any other cause. Tt may, indeed, bo 
doubted whether greyhounds use their legs more than other 
dogs. Dogs of all kinds are daily in the habit of 
about and chasing one another at the top of thoir epeod— 
other dogs more frequently than greyhounds, which are mot 
much given to play. ‘The occasions on which greyhounds 
oxercise their legs in chasing hares, ocenpy but inconsider- 
able spaces in their lives, and can play but small parte in 
developing their legs. And then, how about their long 
heads and sharp noses ? Are these developed by ranning? 
The structure of the greyhound is explicable as a result 
mainly of selection of variations occasionally arising from 
unknown canacs; but it is inexplicable otherwise, Still 
moro obviously invalid is the evidence said to be furnished 
by pointers and setters. How can these be said to exercise 
their organs of smell more than other dogs? Do not all 
dogs ocenpy themselves in sniffing about hore and there alll 
day long: tracing animals of their own kind and of other 
kinds? Iustead of admitting that the olfactory sense is 
more exercised in pointers and setters than in other dogs, 
it might, contrariwise, be contended that it is exercised 
lesa; seeing that during the greater parte of their lives 
they aro shut up in kennels where the varieties of odours, 
on which to practise their noses, is but stall, Clearly if 
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breeders of sporting dogs have from early days habitually 
bred from those puppies of euch litter which had the 
keenest noses (and it is undeniable that the puppies of 
each litter are made different from one another, as are the 
children in each hnman family, by unknown combinations 
of causes), then the existence of such remarkable powers in 
pointers and setters may be accounted for; while it is 
otherwise unaccountable. ‘These instances, and many 
others such, I should have gladly used in support of my 
argument, had they been available; but unfortunately 
they are not. 

On the next page of the Duke of Argyll’s article (page 
145), occurs a passage which I must quote at length before 
I can deal effectually with its various statements, It rans 
as follows :— 

But if natural selection {s a mere phraso, ynguo enough and wide enough 
to cover any number of the physical causes concerned in ordinary generation, 
then the whole of Mr, Spencer's laborious argament in favour of his ‘other 
factor ' becomes an argument worse than superfluous. It is wholly fallacious 
in assuming that this *fuotor* and ‘natural selection” axe at all exclusive of, 
or ovon soparata from, each other. ‘The fuotor thus assumed to be now is 
simply one of tho subordinate cases of heredity, But herodity is the central 
idea of natural selection, Therefore natural selection includes and oovers all 
the canses which can possibly operate through inheritance. There is thus 
no distioulty whatever in referring it to the same one tastor whose solitary 
dominion Mr. Spencer has plucked up courage to dispute, He will nover 
succeed in shaking its dictatorship by such a small rebellion, His little 
contention in like some bit of Bumbledom setting up for Home Rule—somna 
parochial vestry claiming independance of a universal empire. It pretends 
to sot up for itself in some fragment of an idea But hore is not even a 
fragment to boast of or to stand ap for, His new factor in organic evolution 
has neither independence nor novelty. Mr. Spencer ix able to quote himself 
as having mentioned it in his Principles of Biology published some twenty 
years ago; and by m caoful ransacking of Darwin he shows that the ides 
was farniliar to and admitted by him at least in his last edition of the Origin 
of Species... . Darwin was a man eo much wiser than all hie followers,” te, 

Hnd there not been the Duke of Argyll’s signature to 
the article, I could scarcely have believed that this passage 
was written by bim. Remembering thab on reading his 
article in $e preceding number of this Review, I was 
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struck by the extent of knowledge, clearness of diserimina- 
tion, and power of exposition, displayed in it, Tcan seareely 
understand how there has come from the same pen a 
passage in which none of these traits are exhibited. Even 
one wholly unacquainted with the subject may see in the 
last two sentences of the above extract, how 

its propositions are strung together. While in tho first of 
them I am represented as bringing forward a “new factor,” 
Tam in the second represented as saying that I mentioned 
it twenty years ago! In the sane breath Iam described aa 
claiming it as new and asserting it as old! So, again, the 
uninstructed reader, on comparing the first words of the 
extract with the last, will be surprised on seving in = 
scientific article statements so manifostly wanting in pre- 
cision. If “natural selection is a mere phrase,” how can 
Mr. Darwin, who thought it explained the origin of species, 
be regarded as wise Surely it must be more than a mere 
phraso if it is the key to so many otherwise inexplicable 
facts. These examples of incongruous thoughts I give to 
prepare the way; and will now go om to examine the chief 
propositions which the quoted passage contains. 

Tho Duke of Argyll cays that “heredity ia the central 
idea of natural selection.” Now it would, I think, be con- 
cluded that those who possess the central idea of a thing 
have some consciousness of the thing. Yet men have pos- 
sessed the idea of heredity for any number of generations 
and have been quite unconscious of natural selection. 
Clearly the stotement is misleading, It might just as truly 
be said that the occurrence of structural variations im 
organisms is the central idea of natural selection. And it 
might just as truly be said that tho action of external 
agencies in killing some individuals and fostering othors is 
the central idea of natural selection. No such assertions 
are correct. ‘The process has three factors—heredity, 
variation, and external action—uny ono of which boing 
absent, the process ceases. ‘The conception contains three 
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corresponding ideas, and if any one be struck ont, the 
conception cannot be framed. No one of them is the 
central idea, but they are co-essential ideas. 

From the erroneous belief that “heredity is the central 
idea of nataral selection” the Duke of Argyll draws the 
conclusion, consequently erroneous, that “ natural selection 
includes and covers all causes which can possibly 
operate through inheritance.” Had he considered the cases 
which, in the Principles of Biology, I have cited to illus- 
trate the inheritance of fanctionally-produced modifications, 
he would have seen that his inference is far from correct. 
T have instanced the decrease of the jaw among civilized 
men as a change of structure which cannot have beon 
produced by the inhoritance of spontaneous, or fortuitous, 
variations, That changes of structuro arising from such 
variations may be maintained and increased in successive 
generations, it is needful that the individuals in whom they 
occur shall derive from them ndvantages in the struggle for 
existence—advantages, too, sufficiently great to aid their 
survival and multiplication in considerable degrees. But a 
decrease of jaw reducing its weight by even an ounce 
(which would be a large variation), cannot, by either 
smaller weight carried or smaller nutrition required, havo 
appreciably advantaged any person in the battle of life. 
Even supposing such diminution of jaw to be beneficial 
(and in the resulting decay of tooth it entails groat evils), 
the benefit can hardly have been such as to increase the 
relative multiplication of families in which it occurred 
generation after generation. Unless it has done this, 
however, decreased sizo of the jaw cannot have been pro- 
duced by the natural selection of fayourable variations, 
How can it then have been produced? Only by decreased 
function—by the habitual uso of soft food, joined, probably, 
with disuse of the teeth as tools. And now mark that this 
cause operates on all members of “Late; falls into 
civilized habita. — 
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function changes its component farilics 

Natural selection docs not cover tho caso at all—has 
nothing to do with it. And the like happens in multi 
todinous other cases. Every species spreading into a new 
habitat, coming in contact with new food, exposed to a 
different temperature, to a drier or moister air, to & more 
irregular surface, to a new aoil, &., &., has its members 
one and all subject to various changed actions, which 
inffuonce ita muscular, vascular, rospiratory, digestive, and 
other systems of organs. If thore ia inheritance of fune- 
tionally-produced modifications, then all its members ‘will 
transmit the structaral alterations wrought in them, and 
the species will change as a whole without the supplanting 
of some stocks by others. Doubtless in respect of certain 
changes natural selection will co-operate. If tho species, 
being @ predacious one, is brought, by migration, into the 
presence of prey of greater speed than before; then, while 
all its membors will have their limbs strongthoned by extra 
aetion, those in whom this muscolar adaptation is 

will have their multiplication furthered ; and inheritance 
of the functionally-increased structures will be sided, in 
successive generations, by survival of the fittest. Bat it 
cannot be so with the multitudinous minor changes entailed 
by the modified life, The majority of these must be of 
such relative unimportanco that ono of them eannot give to 
the individual in which it becomes most marked, advantages 
which predominate over kindred advantages gained by 
other individuals from other changes more favourably 
wrought in them. Tn respect to these, the inherited effects: 
of use and disuse must accamulate independently of nataral 
acleotion, 

To make clear the relations of these two factors to one 
anothcr aud to horedity, lot us take a case in which the 
oporations of all three may bo severally identified and 
distinguishod. 

Hore is one of those persons, occasionally mot with, whe 
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has an additional finger on each hand, and who, we will 
suppose, is a blacksmith, He is neither aided nor much 
hindered by these additional fingera; but, by constant aso, 
he has greatly developed the muscles of his right arm. To 
avoid a perturbing factor, we will assume that his wife, too, 
exercises her arms in an unnsual degree: keeps a manglo, 
and has all the custom of the neighbourhood. Such being 
the circumstances, let us. ask what are the established facts, 
und what are the beliefs and disbeliefy of biologists. 

The first fact is that this six-fingerod blacksmith will be 
likely to transmit his peculiarity to some of his childron ; 
and some of these, sgain, to theirs. It is proyed that, even 
in the absonce of a like peculinrity in the other parent, 
this strange variation of structure (which we must ascribo 
to some fortuitous combination of causes) is often inherited 
for more than one generation. Now the causes which 
produce this persistent six-fingeredness are unquestionably 
causes which “operate through inheritance.” The Duke of 
Argyll says that “natural selection includes and covora all 
the causes which can possibly operate through inheritance.” 
How does it cover the causes which operate here? Nutaral 
selection never comes into play at all, There is no foster- 
ing of this peculiarity, since it does not help in the struggle 
for existence ; and there is no reason Lo suppose it is such a 
hindranoco in the struggle that those who hayo it disappear 
in consequence. It simply geta cancelled in the course of 
genorations by the adverse influences of other stocks. 

Whilo biologists admit, or rather assort, that the peculi- 
arity in the blacksmith’s arm which was born with him ix 
transmissible, they deny, or rather do not admit, that the 
other peculiarities of his arm, induced by daily labour—its 
large muscles and strengthened bones—are transmissible. 
They say that there is no proof. The Duke of Argyll 
thinks that the inheritance of organs enfeebled by disuse 
is “not generally disputed ;” and he thinks thore is clear 
proof that the convorse chango—incrosse of size conse- 
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quent on nse—is also inherited. But biologists dispute 
both of these alleged kinds of inheritance. If proof is 
wanted, it will be found in the proceedings at the ast 
mooting of the British Association, inn papor entitled “Aro 
Acquired Characters Hereditary ?” by Professor Ruy Tan= 
kester, and in the discussion raised by that paper. Had 
this form of inhoritanco boon, as the Duke of Argyll says, 
«not generally disputed,” Ishould not have written the firsb 
of the two articles he criticizes. 

But supposing it proved, as it may hereafter be, that 
such a fanctionally-produced change of stractnre as the 
blacksmith's arm shows us, is transmissible, the persistent 
inheritance is again of a kind with which natural selection 
has nothing to do. If the greatly strengthened arm 
enabled tho blacksmith and his descendants, having like 
strengthenod arms, to carry on tho battle of lifo im a much 
more successful way than it was carried on by other mon, 
survival of the fittest would ensure the maintenance and 
increase of this trait in successive generations. Bat the 
skill of the carpenter enables him to earn quite as mach ag 
his stronger neighbour. By the various arts he has been 
tanght, the plumber gets as large a weekly wage. The 
small shopkeeper by his forceight in buying and pradones 
in selling, the villago-schoolmastor by his knowledge, the 
farm-bailiff by his diligence and care, sneceed in the 
straggle for existence equally well. The advantage of a 
strong arm does not predominate over the advantages which 
other men gain by their innate or acquired powers of other 
kinds; and therefore natural selection cannot operate so as 
to increase the trait. Before it can be increased, it is 
neutralized by the unions of those who have it with those 
who have other traits. To whatever extent, therefore, 
inheritance of this functionally-produced modification 
operates, it operates independently of natural sclection. 

‘One other point has to be noted—the relative importance 
of this factor. If additional developments of muscles and 
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bones may be transmitted—if, as Mr. Darwin held, thero 
are various othor structural modifications caused by use and 
disuse which imply inheritanco of this kind—if acquired 
characters are hereditary, as the Duko of Argyll believes; 
then the area over which this factor of organic evolution 
operates is enormous. Not every muscle only, but every 
nerve and nerve-centre, every blood-vessel, every viscus, 
and nearly every bone, may be increused or decreased by 
ita influence. Excopting parts which have passive funo- 
tions, such ag dermal appendages and the bones which 
form the skull, the implication is that nearly every organ in 
the body may be modified in successive generations by the 
augmented or diminished activity required of it; and, save 
in the few cases where the change caused is one which 
conduces to survival in a pre-eminent degreo, it will be thus 
modified independently of natural selection. Though this 
factor can operate but little in the vegetal world, and can 
play but a subordinate part in the lowest animal world ; 
yet, seeing that all the active organs of all animals are 
subject to its influence, it has an immense sphere. The 
Duke of Argyll compares the claim made for this factor to 
“some bit of Bumbledom setting up for Home Rule—some 
parochial vestry claiming independence of m universal 
empire.” But, far from this, the claim made for it is to an 
empire, less indeed than that of natural selection, and over 
& small part of which natural selection exercises concurrent 
power; but of which the independent part has an area that 
is immense. 

It seems to me, then, that the Duke of Argyll is mistaken 
in four of the propositions contained in the pussages T have 
quoted. The inheritance of acquired characters is disputed 
by biologists, though he thinks it ia not. It is not true that 
“herodity is the contral idea of nataral sclection.” The 
statement that natural selection includes and covers all the 
causes which can possibly operate through inheritance, is 
quite erroneous. And if the inheritance of sequired 
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characters is # factor at all, the dominion it rules over is not 
insignificant but vast. 


Here I must break off, after dealing with a page and a 
half of the Dake of Angyll’s article. A state of health 
which has prevented me {rom publishing anything since 
“The Factors of Organic Evolution,” now nearly two years 
ago, prevents me from carrying the matter further. Could 
I have pursued the argument it would, I believe, have been 
practicable to show that various other positions taken up by 
the Duke of Argyll do not admit of effectual defence. But 
whether or not this is probable, the reader must be left to 
judgo for himself. On ono farther point only will I say a 
word ; and this chiefly because, if I pass it by, a mistaken 
impression of a serious kind may be diffused. The Dukeof 
Argyll represents meas“ giving up” the “ famous phrase? 
survival of the fittest,” and wishing “to abandon it.” Ho 
does this because I haye pointed out that its words have 
connotations agninst which we must be om our guard, if we 
woald avoid certain distortions of thought. With equal 
propriety he might say that an astronomer abandons the 
statement that the planets move in elliptic orbits, becauss 
he warns his readers that in the heavens there exist no such 
things as orbits, but that the plancts sweep on throagh a 
pathless void, in directions porpetually changed by gravi- 
tation, 

I regret that I should have had thus to dissent a0 entirely 
from various of the statements made, and conclusions drawn, 
by'the Duko of Argyll, because, as I have already implied, 
I think he has done good service by raising afresh the 
question he has dealt with. Though the advantages which 
he hopes may result from the discussion are widely unlike 
the advantages which I hope may result from it, yeb wo 
agroo in the belief that advantages may be looked for. 
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